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Kunder3, Catherine A. Pilachowski4, Andreas Koch5, and Roberto de
Propris3
ABSTRACT
We present radial velocities and chemical abundance ratios of [Fe/H], [O/Fe],
[Si/Fe], and [Ca/Fe] for 264 red giant branch (RGB) stars in three Galactic
bulge off–axis fields located near (l,b)=(–5.5,–7), (–4,–9), and (+8.5,+9). The
results are based on equivalent width and spectrum synthesis analyses of mod-
erate resolution (R≈18,000), high signal–to–noise ratio (S/N∼75–300 pixel−1)
spectra obtained with the Hydra spectrographs on the Blanco 4m and WIYN
3.5m telescopes. The targets were selected from the blue side of the giant branch
to avoid cool stars that would be strongly affected by CN and TiO; however,
a comparison of the color–metallicity distribution in literature samples suggests
our selection of bluer targets should not present a significant bias against metal–
rich stars. We find a full range in metallicity that spans [Fe/H]≈–1.5 to +0.5,
and that, in accordance with the previously observed minor–axis vertical metal-
licity gradient, the median [Fe/H] also declines with increasing Galactic latitude
in off–axis fields. The off–axis vertical [Fe/H] gradient in the southern bulge is
estimated to be ∼0.4 dex kpc−1; however, comparison with the minor–axis data
suggests a strong radial gradient does not exist. The (+8.5,+9) field exhibits
a higher than expected metallicity, with a median [Fe/H]=–0.23, that might be
related to a stronger presence of the X–shaped bulge structure along that line–of–
sight. This could also be the cause of an anomalous increase in the median radial
velocity for intermediate metallicity stars in the (+8.5,+9) field. However, the
overall radial velocity and dispersion for each field are in good agreement with
recent surveys and bulge models. All fields exhibit an identical, strong decrease
in velocity dispersion with increasing metallicity that is consistent with observa-
tions in similar minor–axis outer bulge fields. Additionally, the [O/Fe], [Si/Fe],
and [Ca/Fe] versus [Fe/H] trends are identical among our three fields, and are
in good agreement with past bulge studies. We find that stars with [Fe/H].–
0.5 are α–enhanced, and that the [α/Fe] ratios decline at higher metallicity. At
[Fe/H].0, the α–element trends are indistinguishable from the halo and thick
disk, and the variations in the behavior of individual α–elements are consistent
with production in massive stars and a rapid bulge formation timescale.
Subject headings: stars: abundances, Galactic bulge: general, bulge: Galaxy: bulge,
stars: Population II
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1. INTRODUCTION
Although the minor–axis of the Galac-
tic bulge has been the subject of extensive
high resolution spectroscopic study (e.g.,
Zoccali et al. 2008), there has been rel-
atively little chemical characterization of
stars in off–axis bulge fields. Iron and α–
element abundances are reported by Gon-
zalez et al. (2011) in a field near the
globular cluster NGC 6553 (l,b)=(+5.25,–
3), but that is the only off–axis field for
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which significant (N&100 stars) chemical
abundance data are presently available1.
Overall, the radial variation in [Fe/H]2 and
[α/Fe] along the bulge major–axis and off–
axis is poorly constrained.
It is also clear that the bulge is spa-
tially complex, and a deep understanding
will require a full three–dimensional sam-
pling of the structure. McWilliam & Zoc-
cali (2010) found red clump giants to be
spatially distributed in an X–shaped struc-
ture that spans the inner ∼8◦, and was
confirmed in a density analysis by Saito et
al. (2011). The metal–rich subset of the
bulge appears to be predominant in the X–
shaped structure (Ness et al. 2012; Utten-
thaler et al. 2012; but see also de Propris
et al. 2011).
Connected with these issues is the ques-
tion of whether there is kinematic sub-
structure in the bulge, and whether the
population is comprised of multiple com-
ponents. Some evidence suggests the
bulge may host two dominant populations
(Babusiaux et al. 2010; Bensby et al. 2011;
Hill et al. 2011; Uttenthaler et al. 2012).
At the most basic level, such a bimodal-
ity might be expressed in the bar and the
“classical” bulge. Soto et al. (2007) ar-
gued that the metal–rich bulge stars ex-
hibit a vertex deviation expected for stars
orbiting in the bar, while the metal–poor
([Fe/H]<–0.5) stars could plausibly be on
non–barred orbits. Hill et al. (2011) ar-
1Some results from the ARGOS study are presented
in Ness et al. (2013), but the individual abun-
dances are not yet publicly available.
2We make use of the standard spectroscopic nota-
tion where [A/B]≡log(NA/NB)star–log(NA/NB)⊙
and log ǫ(A)≡log(NA/NH)+12.0 for elements A
and B.
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gues strongly for bimodality, connecting
two putative peaks in the [Fe/H] distribu-
tion with differing [Mg/Fe] ratios. Bensby
et al. (2011) also find evidence for bi-
modality in their sample of 26 microlensed
bulge dwarfs and subgiants, although they
have recently increased their sample to 58
stars (Bensby et al. 2013) and now favor
a multi–component model that may also
incorporate the bimodal structures found
in previous studies. Similarly, Ness et al.
(2013), using [Fe/H] values derived from
moderate resolution spectra of a large sam-
ple (∼28,000) of bulge giant and clump
stars, deconvolve the metallicity distribu-
tions into 5 separate Gaussians that are as-
serted to vary systematically with Galactic
latitude and longitude, and to reflect dif-
ferent populations. The BRAVA survey of
∼10,000 bulge M giants (e.g., Rich et al.
2007a; Kunder et al. 2012) does not find
any hint of kinematic substructure or a sig-
nificant classical bulge. Shen et al. (2010)
argue that very strong limits are placed
on any classical bulge fraction (.8–15% of
the disk mass) from the BRAVA survey. It
has been shown theoretically possible for a
rapidly rotating bar to spin up a classical
bulge (e.g., Shen et al. 2010; Saha et al.
2012), but such an effect would likely be
unveiled by the metal–poor stars exhibit-
ing rapid rotation and bar–like kinematics,
which is not observed.
The question of correlations between
[Fe/H], velocity, and/or velocity dispersion
are among the most actively debated as-
pects of the substructure argument. Babu-
siaux et al. (2010) find a striking trend
for the more metal–rich stars to have the
highest velocity dispersion in Baade’s Win-
dow (b=–4◦); the trend reverses itself by
b=–12◦. Exploring intermediate minor–
axis fields near b=–8◦ and –10◦, Johnson
et al. (2011) and Uttenthaler et al. (2012)
find the common trend (e.g. Rich 1990)
of velocity dispersion decreasing with in-
creasing metallicity.
A further motivation to explore off–axis
bulge fields addresses similarities and dif-
ferences between such fields and the Galac-
tic thick disk. In a bulge formation sce-
nario in which the bar has thickened from
a preexisting massive disk, it would not
be surprising to find chemical similari-
ties between bulge and thick disk stars;
these might even be expected to predom-
inate off–axis. Here, there is also some
uncertainty. While early analyses (Zoc-
cali et al. 2006; Fulbright et al. 2007;
Lecureur et al. 2007) found that bulge
stars were likely α–enhanced, particularly
in their [O/Fe] and [Mg/Fe] ratios, com-
pared to the thick disk, more recent differ-
ential studies (e.g., Mele´ndez et al. 2008;
Ryde et al. 2010; Alves–Brito et al. 2010;
Gonzalez et al. 2011) have instead con-
cluded that the thick disk and metal–poor
bulge likely share identical [α/Fe] distri-
butions (but see also Bensby et al. 2013).
However, it is not yet clear if these abun-
dance similarities extend to super–solar
metallicities and/or light odd–Z and heavy
neutron–capture elements (e.g., Fulbright
et al. 2007; Lecureur et al. 2007; Alves–
Brito et al. 2010; McWilliam et al. 2010;
Johnson et al. 2012).
Exploring the bulge in new fields, and
near the bulge/halo boundary, offers sig-
nificant opportunities to search for bulge
substructure and to explore whether the
bulge population is complex and multi-
modal over its whole volume. Although
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future samples will reach thousands of
stars, our sample of 264 red giant branch
(RGB) stars observed in multiobject mode
at moderate (R∼18,000) resolution will
yield new constraints on the structure and
substructure of the bulge. These data will
also provide new tests of whether the bulge
resembles the thick disk, and the presence
of kinematic or composition substructure.
2. OBSERVATIONS AND DATA
REDUCTION
The observations for this project were
obtained between 2011 August 19–20 with
the WIYN 3.5m telescope at Kitt Peak
National Observatory and 2011 Septem-
ber 8–12 with the Blanco 4m telescope at
Cerro Tololo Inter–American Observatory.
WIYN was used to observe the northern
bulge field centered near (l,b)=(+8.5,+9)
and the Blanco was used to observe the
two southern bulge fields centered near
(l,b)=(–5.5,–7) and (–4,–9). All spectra
were acquired using the Hydra multifiber
positioners and bench spectrographs. For
WIYN–Hydra, we used the red fibers, 316
line mm−1 Echelle grating, red camera,
and X18 filter to achieve a resolving power
of R(λ/∆λ)≈18,000. We also employed
only one spectrograph setup with wave-
length coverage ranging from about 6050–
6350 A˚. For Blanco–Hydra, we used the
large 300µm (2′′) fibers, 400 mm Bench
Schmidt camera, 316 line mm−1 Echelle
grating, and the E6257 and E6757 filters to
achieve R≈18,000 in the first setup (6125–
6345 A˚) and R≈15,000 in the second setup
(6550–6840 A˚). A summary of the obser-
vation dates, instrument setups, and ex-
posure times for each field is provided in
Table 1.
The data reduction for both WIYN–
Hydra and Blanco–Hydra data were car-
ried out using standard IRAF tasks.3
Overscan removal and bias subtraction
were accomplished using the ccdproc rou-
tine. The remaining data reduction tasks,
which include fiber identification and trac-
ing, scattered light removal, flat–field
correction, ThAr wavelength calibration,
cosmic–ray removal, sky subtraction, and
object spectrum extraction, were carried
out using the dohydra task. For the spec-
trograph setups that included the ∼6275–
6330 A˚ telluric absorption feature, we ob-
served several rapidly rotating B stars at
various airmasses in order to remove tel-
luric contamination in the object spectra.
The final telluric correction was applied
with the telluric IRAF task. All spec-
tra were then combined via co–addition
and continuum normalized by fitting a low
order polynomial through the continuum
points identified in Fulbright et al. (2006;
their Table 5). The signal–to–noise ratio
(S/N) of the combined spectra ranged from
75 to more than 300.
2.1. Target Selection
Since many of the previous bulge spec-
troscopic analyses have focused primar-
ily on minor–axis fields (see §1), we tar-
geted fields that were located away from
the minor–axis (i.e., l 6=0). The observed
fields were also selected to have relatively
low interstellar extinction (E(B–V).0.35),
in order to minimize the integration time
3IRAF is distributed by the National Optical As-
tronomy Observatory, which is operated by the
Association of Universities for Research in Astron-
omy, Inc., under cooperative agreement with the
National Science Foundation.
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needed to reach S/N&75. For the Blanco,
5 hours of integration with our Hydra se-
tups yields S/N&75 for stars with V.14.5.
Given the higher airmass and shorter time
frame with which we were able to observe
the bulge with WIYN, we selected brighter
targets (V.13.5–14). However, the signif-
icant throughput increase provided by the
recent upgrade to the WIYN bench spec-
trograph (Bershady et al. 2008; Knezek et
al. 2010) proved to make the selection of
brighter stars an unnecessary constraint.
Unfortunately, constraining bulge mem-
bership for individual stars is often a dif-
ficult task using currently available data.
Although high–quality optical photometry
is not available for large regions of the
bulge, the 2MASS database (Skrutskie et
al. 2006) provides accurate coordinates
and infrared photometry for the bright gi-
ants we were targeting. From the raw
2MASS catalog, we created an initial tar-
get list by only selecting stars which had:
(1) 4000<Teff<4800 K, (2) V<14.5, and
(3) log(g)<2.5. The temperatures were de-
termined using the J–K color–temperature
relation provided by Alonso et al. (1999;
2001). All stars were individually dered-
dened using the E(B–V) values derived
from the Schlegel et al. (1998) dust maps.
Optical V magnitudes were estimated by
taking the Teff values calculated from J–K
and then inverting the Alonso et al. (1999)
V–K color–temperature relation to solve
for V. The range of possible log(g) val-
ues for each star were determined by ex-
amining the temperature–gravity–color re-
lations in Kucˇinskas et al. (2005; 2006)
to ensure log(g)<2.5.4 The culled prelim-
4Since the temperature–gravity–color relations in
Kucˇinskas et al. (2005; 2006) are only calibrated
inary target list of ∼1000–3000 stars was
then input into the Hydra fiber position-
ing software to produce an optimal config-
uration file for each field. In addition to
∼10–20 sky fibers for each configuration,
we were able to place fibers on 91 stars for
the (–5.5,–7) field, 105 stars for the (–4,–9)
field, and 68 stars for the (+8.5,+9) field.
In Figure 1 we show 2MASS color–
magnitude diagrams (CMDs) for all three
fields, and also identify the observed tar-
get stars. While ∼90% of the targets in
the two southern bulge fields and all of the
stars in the northern bulge field lie well on
the bulge RGB, ∼10% of the stars in the
two southern bulge fields lie in a region
that is likely a mix of bulge RGB and fore-
ground red clump stars (the approximate
separation is illustrated by the dashed blue
lines in Figure 1). It is possible that some
of these targets are actually foreground
red clump stars, but we find only a small
fraction of the bluest stars to have large
proper motions and estimate the contami-
nation ratio to be .10% of the total sam-
ple (see §4.1.1). For the majority of target
stars that lie on the RGB, it is clear from
Figure 1 that the observations are biased
toward the bluer side of the RGB. This is a
result of our choice to not select stars with
Teff<4000 K, in order to avoid strong CN
and TiO molecular features in the spec-
tra that would prevent reliable abundance
determinations via equivalent width mea-
surements. However, we show in §4.1.1
that we do not expect the selection of bluer
stars to produce a strong metallicity bias.
up to [Fe/H]=0, we applied a linear extrapolation
out to [Fe/H]=+0.5. This permits coverage from
[Fe/H]=–2 to +0.5, which spans the bulge’s full
metallicity range.
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3. DATA ANALYSIS
3.1. Model Stellar Atmospheres
As mentioned above, we used the dered-
dened (J–KS)o color
5 for each star to derive
Teff via the Alonso et al. (1999) color–
temperature relation. In order to account
for interstellar extinction, we assumed the
relation E(J–KS)/E(B–V)=0.505 (Fiorucci
& Munari 2003) and used the recom-
mended E(B–V) value from Schlegel et
al. (1998).6 The average E(B–V) values
were 0.240 (σ=0.036), 0.136 (σ=0.008),
and 0.385 (σ=0.024) for the (–5.5,–7), (–
4,–9), and (+8.5,+9) fields, respectively.
We did not attempt to refine Teff using ex-
citation equilibrium; however, a star–by–
star examination of the log ǫ(Fe I) abun-
dance versus excitation potential plot in-
dicated that significant (&100 K) Teff ad-
justments were likely not necessary. This
was true even for the most metal–rich
stars ([Fe/H]>+0.2), which fall just out-
side the calibration range of the Alonso
et al. (1999) J–K color–temperature re-
lation. In a more quantitative sense, the
average, median, and standard deviations
of the slopes for the log ǫ(Fe I) versus exci-
tation potential plots were: –0.006, –0.011,
and 0.043 for the (–5.5,–7) field, +0.002,
–0.004, and 0.032 for the (–4,–9) field, and
–0.019, –0.023, and 0.037 for the (+8.5,+9)
field. For comparison, altering Teff±100 K
in a “typical” bulge giant with [Fe/H]=–
0.3 is expected to produce a change in
the magnitude of the slope by ∼0.04 at
5The 2MASS J and KS values were converted onto
the TCS system, as required for using the Alonso
et al. (1999) color–temperature relation.
6The E(B–V) values can be accessed at:
http://irsa.ipac.caltech.edu/applications/DUST/.
Teff=4200 K and ∼0.02 at Teff=4800 K.
Surface gravities were derived by inter-
polating within the 11 Gyr isochrones pro-
vided by the Dartmouth Stellar Evolution
Database (Dotter et al. 2007).7 We ini-
tially assumed a level of α–enhancement
that followed the [α/Fe] versus [Fe/H]
trends of Gonzalez et al. (2011) and John-
son et al. (2011). However, after measur-
ing [α/Fe] for each star we reinterpolated
using a grid with the appropriate level of
α–enhancement. As can be seen in Fig-
ure 2, our assumed log(g) values are typi-
cally in good agreement with other log(g)
estimates of bulge RGB stars in the lit-
erature. Note that the literature values
shown in Figure 2 represent a variety of
techniques for deriving log(g), including
ionization equilibrium, isochrone fitting,
and photometric estimates.
For each star the model atmosphere
metallicity was set at [M/H]=–0.3 and
then adjusted to equal the average de-
rived [Fe/H] ratio. Similarly, the micro-
turbulence (vt) was set at 2 km s−1 and
then adjusted so that the plot of Fe I
abundance versus line strength produced
a zero slope. For all stars the model at-
mosphere was calculated by interpolating
within the α–rich AODFNEW ATLAS9
grid (Castelli et al. 1997).8 While not
all of the stars in our sample are α–rich,
Fulbright et al. (2007) found that the
impact of using the solar scaled versus
α–rich ATLAS9 models on derived abun-
dances was relatively small for bulge gi-
ants (.0.1 dex in most cases). Specifi-
7The isochrones can be accessed at:
http://stellar.dartmouth.edu/∼models/grid.html.
8The model atmosphere grid can be accessed at:
http://wwwuser.oat.ts.astro.it/castelli/grids.html.
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cally, the average effect on [Fe/H], [O/Fe],
[Si/Fe], and [Ca/Fe] was found to be (in
the sense AODFNEW–ODFNEW): +0.06
(σ=0.03), –0.05 (σ=0.07), +0.02 (σ=0.03),
and –0.02 (σ=0.03), respectively. We per-
formed the same test on our data set
and found that the average AODFNEW–
ODFNEW abundance change for [Fe/H],
[O/Fe], [Si/Fe], and [Ca/Fe] was simi-
lar at: +0.05 (σ=0.07), +0.06 (σ=0.06),
+0.10 (σ=0.03), and –0.10 (σ=0.03), re-
spectively. The final model atmosphere
parameters, photometry, and E(B–V) val-
ues are provided in Table 2.
3.2. Equivalent Width Abundance
Determinations
The Fe I abundances were determined
by measuring equivalent widths (EWs),
using software developed for Johnson et
al. (2008). The final [Fe/H] abundances,
listed in Tables 2 and 3, were derived us-
ing the 2010 version of the LTE line anal-
ysis code MOOG (Sneden 1973). Sin-
gle, isolated lines were fit with a Gaussian
profile and moderately blended lines were
deblended with up to five Gaussian pro-
files. We selected 61 Fe I lines located in
the wavelength regions specified in §2 that
were relatively isolated in the spectra of
both Arcturus (Hinkle et al. 2000)9 and µ
Leo (Moultaka et al. 2004).10 On average,
the [Fe/H] abundances for the (–5.5,–7),
(–4,–9), and (+8.5,+9) fields are based on
21 Fe I lines. The number of lines used
9The Arcturus atlas can be accessed at:
http://www.noao.edu/archives.html.
10Based on spectral data retrieved from the
ELODIE archive at Observatoire de Haute-
Provence (OHP). The ELODIE archive can be ac-
cessed at: http://atlas.obs-hp.fr/elodie/.
for each star is less than the 61 potential
lines due to variations in wavelength cover-
age (Blanco–Hydra versus WIYN–Hydra),
temperature, metallicity, and S/N. The av-
erage line–to–line dispersion of 0.16 dex
(σ=0.03) was found to not vary signif-
icantly as a function of temperature or
metallicity, and is reasonable given the rel-
atively high metallicity and cool tempera-
tures of our target stars coupled with the
moderate spectral resolution.
The Fe I abundances were determined
on a line–by–line basis relative to Arc-
turus. The oscillator strength (log gf)
values listed in Table 4 were derived by
measuring the EW of each line in the
high resolution, high S/N Arcturus at-
las and forcing the derived abundance
for each line to be [Fe/H]=–0.50, assum-
ing the Arcturus model atmosphere pa-
rameters given in Fulbright et al. (2006;
Teff=4290 K, log(g)=1.60, [Fe/H]=–0.50,
and vt=1.67 km s−1). The wavelength
and excitation potential values given in
Table 4 are from the NIST Atomic Spec-
tra Database (Ralchenko et al. 2011)11,
Vienna Atomic Line Database (VALD;
Kupka et al. 2000)12, or Thevenin (1990).
Sample spectra of both the 6250 and 6700
A˚ setups for stars with similar Teff but dif-
ferent [Fe/H] are shown in Figure 3. This
figure also illustrates data quality as well
as the change in line strength, continuum
availability, and molecular contamination
as a function of [Fe/H].
11The NIST database can be accessed at:
http://www.nist.gov/pml/data/asd.cfm.
12VALD can be accessed at:
http://vald.astro.univie.ac.at/∼vald/php/vald.php.
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3.3. Spectrum Synthesis Abundance
Determinations
For the elements other than Fe, we de-
termined abundances via spectrum synthe-
sis rather than EW measurement. Given
the large number of stars analyzed here, we
employed the computationally parallel ver-
sion of the MOOG synth driver developed
for Johnson et al. (2012). Similar to the Fe
abundance measurements, [O/Fe], [Si/Fe],
and [Ca/Fe] ratios were determined rela-
tive to Arcturus. We adopted the Arc-
turus abundances derived in Fulbright et
al. (2007): [O/Fe]=+0.48, [Si/Fe]=+0.35,
and [Ca/Fe]=+0.21. These adopted values
are within ∼0.1 dex of those derived re-
cently by Ramı´rez & Allende Prieto (2011).
The lines used here are listed in Table 3.
For the 6300 A˚ [O I] line we synthesized
the region spanning 6295–6305 A˚, includ-
ing the 6300.34 A˚ Ni I line that is blended
with the 6300.30 [O I] feature. We as-
sumed [Ni/Fe]=0 for all syntheses. The
initial line list was compiled from VALD
for atomic lines and the Kurucz database13
for CN molecular lines. The final log gf val-
ues for all significant atomic and molecular
lines in the 6295–6305 A˚ region were ad-
justed to minimize the difference between
our synthetic spectrum and the Arcturus
atlas. In order to fit the CN features, we
adopted the Arcturus carbon and nitrogen
abundances from Peterson et al. (1993;
[C/Fe]=+0.0 and [N/Fe]=+0.3). In gen-
eral this provided a satisfactory fit to the
CN lines using the original Kurucz line list
and only a few minor adjustments were re-
quired. For the Sc I line that is blended
13The Kurucz line list database can be accessed at:
http://kurucz.harvard.edu/linelists.html.
with the [O I] feature in our Hydra spectra
but not the Arcturus atlas, we set the log
gf value assuming [Sc/Fe]=+0.2 (Peterson
et al. 1993). However, as can be seen in
the sample syntheses provided in Figure 4,
there is enough separation between the [O
I] and Sc features in the Hydra spectra to
reasonably account for the Sc contribution.
Since the [O I] line is both modestly af-
fected by CN blending (see bottom panels
of Figure 4) and also by the C+N abun-
dance (via the molecular equilibrium cal-
culation), we identified a small window in
the 6250 A˚ spectra that could be used
to roughly estimate the CN abundance.
While there are other similar windows that
may be used, especially in the 6700 A˚
spectra, we selected the 6331–6339 A˚ win-
dow (shown in Figure 5) because it pro-
vided a several Angstrom wide region com-
prised of mostly CN lines and was ob-
served with both the WIYN and Blanco
bench spectrographs. For each star we ini-
tially set [C/Fe]=–0.30 and [N/Fe]=+0.50,
values typical for bulge RGB stars (e.g.,
Mele´ndez et al. 2008; Ryde et al. 2010),
and then adjusted [N/Fe] until a satisfac-
tory fit was found. The derived [C/Fe] and
[N/Fe] abundances were then used in the
[O I] synthesis. This processes was iterated
at least once for each star to account for
the correlated variations in line strength
between CN and O.
The Si and Ca abundances are based on
synthesis fits to lines in the 6140–6170 A˚
window. In order to properly account for
CN contamination, Si and Ca were mea-
sured after obtaining CNO abundances.
For the few stars where [O I] could not
be measured, we have adopted the gen-
eral [O/Fe] versus [Fe/H] trend found in
8
our data (see §4.3). Sample Si and Ca
synthesis fits for a cool, metal–rich giant
are shown in Figure 6. While most of the
lines are not strongly affected by CN, the
6155 A˚ Si I line is sensitive to the CN
abundance in our most metal–rich giants.
As can be seen in Figure 6, changing the
CN abundance by ±0.3 dex can result in
a Si abundance uncertainty &0.2 dex. A
comparison between the 6155 A˚ Si abun-
dance and the 6145 A˚ Si abundance, which
is only weakly affected by CN, suggests
that at least on average there is reasonable
agreement with 〈[Si/Fe]6155–[Si/Fe]6145〉=–
0.03 (σ=0.17). The four Ca lines used here
exhibit a similar degree of agreement with
an average line–to–line dispersion of 0.08
dex (σ=0.05).
3.4. Abundance Uncertainty Esti-
mates
Tables 5a–5d summarize the abun-
dance uncertainty estimates for log ǫ(Fe),
log ǫ(O), log ǫ(Si), and log ǫ(Ca) due
to changes in Teff+100 K, log(g)+0.30,
[M/H]+0.30, and vt+0.30 km s−1. The
σ/
√
(N) values for each element are also
given as an estimate of the measure-
ment uncertainty. For elements in Tables
5b–5d where only one line was available
for measurement (e.g., [O I]), a value of
σ/
√
(N)=0.05 has been assigned. This rep-
resents the average value for cases where
multiple lines could be measured, and is
a reasonable uncertainty estimate for vi-
sually fitting synthetic spectra. The total
error column in Tables 5a–5d reflects the
Teff , log(g), [M/H], vt, and measurement
uncertainties added in quadrature, and are
reflected in the error bars of all subsequent
figures.
The abundance sensitivities to each
model atmosphere parameter were calcu-
lated by varying each parameter indepen-
dently. The procedure involved first using
the best–fit model atmosphere parameters
and abundances given in Tables 2–3 to
calculate theoretical EWs for each line.
These theoretical EWs were held fixed and
then a new model atmosphere was cre-
ated with the Teff , log(g), [M/H], or vt
value varied by the amount given in Ta-
bles 5a–5d. However, it should be noted
that the sensitivity of each line to changes
in model atmosphere parameters are not
necessarily the same. Therefore, the val-
ues given in Tables 5a–5d represent the
average difference between the newly de-
rived abundances from each line and the
original abundance given in Table 2.
The uncertainty ranges of ∆Teff=+100
K, ∆log(g)=+0.30, ∆[M/H]=+0.30, and
∆vt=+0.30 km s−1 are likely to be con-
servative upper limits for each parame-
ter. The Teff variations, based on the un-
certainty in E(B–V), are typically small
(<50 K) for almost all stars in our sam-
ple. In particular, the average differ-
ences between the Teff derived assuming
the recommended E(B–V) and the maxi-
mum/minimum E(B–V) values are: +38
K (σ=27 K)/–24 K (σ=15 K) for the
(–5.5,–7) field, +14 K (σ=7 K)/–10 K
(σ=6 K) for the (–4,–9) field, and +21
K (σ=12 K)/–22 K (σ=10 K) for the
(+8.5,+9) field. These values are signif-
icantly smaller than the 125 K 1σ value
of the Alonso et al. (1999) J–KS color–
temperature calibration. When we com-
pare the Teff values derived using the
Alonso et al. (1999) calibration to those
derived using the Gonza´lez Herna´ndez &
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Bonifacio (2009) calibration, we find our
adopted Alonso et al. (1999) temperatures
to be cooler by 63 K (σ=8 K) in the (–
5.5,–7) field, 68 K (σ=7 K) in the (–4,–9)
field, and 46 K (σ=13 K) in the (+8.5,+9)
field. Therefore, we believe that an esti-
mated uncertainty of 100 K is a reasonable
assumption for our data.
Since we did not calculate log(g) di-
rectly from photometry or ionization equi-
librium, it is difficult to assess the true
log(g) uncertainty. However, examination
of Figure 2 suggests that the difference be-
tween our derived log(g) values and those
in the literature is typically within ±0.30.
For comparison, the Bescancon model14
(Robin et al. 2003) predicts that most
bulge stars along our observed lines–of–
sight should vary in distance by approxi-
mately ±2 kpc, though the full range may
extend several kpc on either side of the
Galactic center. This would lead to a
maximum photometric log(g) uncertainty
of ∼0.20–0.25. Note that oxygen, espe-
cially when normalized to Fe I, is the el-
ement most affected by log(g) uncertain-
ties. Similarly, since surface gravity is pro-
portional to log(M/M⊙) for stars with the
same Teff but different mass, it is likely
that our abundance ratios will not be sig-
nificantly altered by the possible inclusion
of lower mass AGB stars in our sample.
As stated previously, the average line–
to–line dispersion for Fe I is 0.16 dex,
with a small dispersion of 0.03 dex. Simi-
larly, we found that the use of α–enhanced
versus solar–scaled models affected abun-
dance ratios at .0.1 dex level. Therefore,
it seems likely that the use of a model
14The Bescancon model form can be accessed at:
http://model.obs-besancon.fr/.
atmosphere [M/H] uncertainty of 0.3 dex
should represent a conservative upper limit
on the effects continuous opacity and elec-
tron number density have on derived abun-
dances. From Tables 5a–5d, we find that
[M/H] uncertainties have the largest effect
(∼0.1 dex in magnitude) on O and Fe while
Si and Ca abundances are less sensitive.
The magnitude of the [M/H] uncertainty
effect also tends to increase with increas-
ing metallicity.
Our adopted microturbulence uncer-
tainty of 0.3 km s−1 may also be a con-
servative estimate. For an individual star,
the typical vt uncertainty based on remov-
ing any trends in Fe I abundance versus
line strength is ∼0.1–0.15 km s−1. When
comparing stars of similar metallicity (in
0.5 dex bins), the 1σ variation in derived
vt values for stars of comparable tempera-
ture ranges from 0.17 km s−1 in the most
metal–poor stars to 0.22 km s−1 in the
most metal–rich stars. The effect of vt
uncertainty on abundance is clear in Ta-
bles 5a–5d, which are sorted by metallicity
in each field. Microturbulence becomes
an increasingly important factor with in-
creasing metallicity and thus line strength.
Similarly, elements that were derived from
stronger lines (e.g., Fe and Ca) are most
sensitive to vt uncertainty.
3.5. Radial Velocity Determinations
Radial velocities for all stars were mea-
sured using the fxcor task in IRAF. For
templates, we calculated synthetic spectra
over the full wavelength range covered for
each star. The synthetic spectra were pro-
duced using the model atmosphere param-
eters given in Table 2, and were smoothed
and binned to match the dispersion of the
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object spectra. The average measurement
error returned by fxcor was similar for all
fields: 0.71 km s−1 (σ=0.48 km s−1), 0.88
km s−1 (σ=0.53 km s−1), and 0.62 km
s−1 (σ=0.38 km s−1) for the (–5.5,–7), (–
4,–9), and (+8.5,+9) fields, respectively.
The IRAF task rvcorrect was used the de-
termine the heliocentric correction for all
stars. The derived heliocentric radial ve-
locities are provided in Table 2.
4. RESULTS AND DISCUSSION
4.1. Metallicity Distribution Func-
tions
In Figure 7 we show the derived metal-
licity distribution functions for all three
off–axis fields. These metallicity dis-
tributions are in reasonable agreement
with those derived for similar outer bulge
(|b|>4◦) minor–axis fields (Zoccali et al.
2008; Johnson et al. 2011; Ness et al.
2013; Uttenthaler et al. 2012). For the
(–5.5,–7), (–4,–9), and (+8.5,+9) fields,
we find a full range in [Fe/H] that spans
–1.50 to +0.66 dex (σ=0.47 dex), –1.40
to +0.26 dex (σ=0.42 dex), and –1.26
to +0.59 dex (σ=0.44 dex), respectively.
As is the case with previous high resolu-
tion spectroscopic studies, we do not find
any stars with [Fe/H].–1.5 that may be
present in the bulge from the earliest epoch
of star formation. This is in agreement
with the ARGOS sample by Ness et al.
(2013) that only found 0.71% (100/14147)
of stars within 3.5 kpc of the Galactic cen-
ter to have [Fe/H]<–1.5.
The observed vertical metallicity gradi-
ent present along the bulge minor–axis, at
least for |b|>4◦ (Zoccali et al. 2008), ap-
pears to also be present in off–axis fields.
This result is illustrated in Figure 8, where
we show the metallicity distribution func-
tions for four minor–axis and four off–axis
fields at similar Galactic latitudes. In a
similar fashion to the minor–axis trend, the
median [Fe/H] ratios for the (+5,–3) field
given in Gonzalez et al. (2011) and our (–
5.5,–7) and (–4,–9) fields are [Fe/H]=–0.08,
–0.29, and –0.44, respectively. The decline
in the median [Fe/H] ratio with increasing
Galactic latitude appears to be driven by
the same phenomenon in both the minor–
axis and off–axis fields. In particular, both
sets of observations show a decrease in the
relative fraction of metal–rich ([Fe/H]&0)
stars, an increase in the relative fraction of
the metal–poor ([Fe/H].–1) stars, and no
significant change in the relative fraction
of intermediate metallicity stars as a func-
tion of increasing Galactic latitude. This
result is at least qualitatively in agreement
with the scenario proposed by Babusiaux
et al. (2010), in which the metallicity gra-
dient is a reflection of the change in the
bulge/bar population mixture at different
Galactic latitudes (but see also Ness et al.
2013).
The data presented above indicate that
the vertical metallicity gradient along
l∼±5◦ is approximately 0.4 dex kpc−1,
which is similar to the minor–axis gradi-
ents found by Zoccali et al. (2008; 0.6
dex kpc−1) and Ness et al. (2013; 0.45
dex kpc−1)15. Given the uncertainty in
15Note that Ness et al. (2013) also argue that the
metallicity gradient of the individual bulge com-
ponents they have identified may be significantly
more shallow, on the order of 0.07 dex kpc−1, than
the 0.4–0.6 dex kpc−1 found here and in previous
studies. Unfortunately, our sample sizes are in-
sufficient to attempt a similar multi–component
deconvolution of the distribution functions shown
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bulge membership and possible biases of
incomplete samples, it seems unlikely that
the difference in magnitude (∼0.2 dex)
between the derived metallicity gradients
found here and in Zoccali et al. (2008) is
significant. Additionally, there does not
seem to be a strong radial [Fe/H] gradient
in the bulge.
Interestingly, the northern bulge (+8.5,+9)
field is slightly more metal–rich than
the two southern fields, with a median
[Fe/H]=–0.23. However, as can be seen
in Figure 7, where we plot the cumula-
tive [Fe/H] distribution functions for all
fields, it is clear that the the (+8.5,+9)
and (–5.5,–7) fields share similar distribu-
tions. This is supported by the results
of two–sided Kolmogorov–Smirnov (KS)
tests (Press et al. 1992), which indicate
that there is insufficient evidence to re-
ject the null hypothesis that the (+8.5,+9)
and (–5.5,–7) are drawn from the same
parent population (p–value=0.881)16. On
the other hand, the (–5.5,–7)/(–4,–9) and
(–4,–9)/(+8.5,+9) field combinations are
possibly drawn from different parent pop-
ulations, with p–values of 0.031 and 0.045,
respectively. It is not clear if this signi-
fies an asymmetry in the bulge metallic-
ity distribution between the northern and
southern regions or is simply a result of the
smaller sample size and slightly redder col-
ors of the observed stars in the (+8.5,+9)
field (see Figure 1). We also consider the
possibility that the higher metallicity of
the (+8.5,+9) field could be due to a pre-
dominance of the X–shaped bulge struc-
ture in that region. Ness et al. (2012)
in Figure 7
16We adopt the common interpretation that the null
hypothesis can be rejected if p<0.05.
and Uttenthaler et al. (2012) suggest that
the X–shaped bulge, traced by the double
red clump, may be dominated by metal–
rich ([Fe/H]>–0.5) stars. As can be seen
in Saito et al. (2011; their Figure 3), one
of the red clump components in the X–
shaped structure appears prominently near
our (+8.5,+9) sight line. A distant, lower
density component is also noted near the
(–5.5,–7) sight line, and the higher metal-
licity of both our (–5.5,–7) and (+8.5,+9)
could partially reflect the predominance of
the X–shaped structure in these fields.
4.1.1. Sample Selection Bias and Fore-
ground Contamination
As mentioned in §2.1, the targets in
all three bulge fields were selected from
the blue side of the RGB to avoid cool
stars with spectra that may be dominated
by molecular bands (especially TiO). The
naive interpretation is that this will pro-
duce a strong bias in our derived metallic-
ity distribution functions and significantly
undersample the most metal-rich stars.
However, the bias may not be as strong
as expected because several factors com-
bine to disperse the observed J–KS–[Fe/H]
relation including: differential reddening,
a complicated spatial geometry with a dis-
tance spread that could range from ∼4.5–
11.5 kpc in our fields17, metallicity depen-
dent [α/Fe] variations, a possible age range
of ∼2–13 Gyr for stars with [Fe/H]&–0.4
(e.g., see Figures 15–16 of Bensby et al.
2013; but see also Clarkson et al. 2008),
and the mixing of RGB and AGB stars.
In general, it is not a trivial matter
to estimate the observational bias of the
17This estimate is based on the Bescancon model.
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color–metallicity relation in the bulge, es-
pecially in the J–KS and KS dimensions,
because of large uncertainties in several
of the factors listed above. This is ev-
ident both in the metallicity distribution
functions produced here (Figure 7), which
are not dominated by metal–poor stars as
one might expect, and in the J–KS–[Fe/H]
relations of previous studies that span a
broader color range. In Figure 9 we show
KS versus J–KS color–magnitude diagrams
for the Zoccali et al. (2008) and Gon-
zalez et al. (2011) data sets and over-
plot the observed stars, with the most
metal–poor ([Fe/H]<–0.7) and metal–rich
([Fe/H]>+0.2) subsets identified. While
the differential reddening and distance dis-
tributions vary from field–to–field, a com-
mon feature among all fields is the signifi-
cant mixing of metal–poor and metal–rich
stars on the giant branch. The metal–rich
population in particular appears to span
the entire color range, although an un-
known fraction of these stars may be disk
and/or halo contaminators (see below).
What is the effect on the derived metal-
licity distribution functions by preferen-
tially sampling the blue side of the bulge
giant branch? We can derive some esti-
mate with the Zoccali et al. (2008) and
Gonzalez et al. (2011) fields by com-
paring the metallicity distribution func-
tions of the bluest third, which roughly
matches our sample selection, to the full
samples. The results are shown in Fig-
ure 10 where we plot histograms, cumula-
tive distribution functions, provide results
for two–sided KS tests, compare the me-
dian [Fe/H] values, and compare the inter–
quartile range (IQR) for each population.
While it is clear from the cumulative dis-
tribution functions that (in most cases) the
blue samples are moderately more metal–
poor than the full samples, the effect is sig-
nificantly smaller than anticipated. In fact,
the two–sided KS tests for all fields indi-
cate that we cannot strongly reject the null
hypothesis that the blue and full samples
were drawn from the same parent popula-
tion. Furthermore, the general shapes of
the full metallicity distribution functions
are preserved in the blue samples, and the
median [Fe/H] and IQR values do not vary
significantly between the two subsets, es-
pecially in the b>–4◦ fields that are most
similar to our fields. In other words, the
qualitative and quantitative results found
especially by Zoccali et al. (2008), and par-
ticularly with regard to the [Fe/H] gradi-
ent, would not have been significantly al-
tered by the selection of stars on the blue
side of the giant branch18.
Finally, we can compare our (–5.5,–7)
and (–4,–9) fields with the data presented
in Ness et al. (2013; their Figure 8). For
the similar latitude minor–axis fields of
(0,–7.5; 690 stars) and (0,–10; 650 stars)
in Ness et al. (2013), they find median
[Fe/H] values of –0.34 and –0.46, respec-
tively. This is in good agreement with
the median [Fe/H] values of our (–5.5,–7)
and (–4,–9) fields, which have [Fe/H]=–
0.29 and -0.44, respectively. The <0.05
dex difference between our derived median
[Fe/H] values and Ness et al. (2013) is in
agreement with the estimated bias intro-
duced by the selection of stars on the blue
18We tested for the effects of differential reddening
and photometric errors in the 2MASS J and KS
data but did not find significant changes to the
distribution functions or median [Fe/H] and IQR
values.
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side of the giant branch (see the middle
panels of Figure 10). We conclude that
our selection of bluer stars likely does not
introduce a strong metallicity bias, and
that the derived metallicity distribution
functions are representative of the under-
lying population in each field. However,
the metal–rich stars in our sample will be
more concentrated on the near side of the
bulge/bar system than a selection of stars
with a broader color distribution.
In addition to the properties mentioned
above that can blur the color–metallicity
relation, contamination by disk and halo
stars along the line–of–sight can also affect
the derived metallicity distribution func-
tions. While most studies agree that the
halo contamination is small (.2%; e.g.,
Zoccali et al. 2008; Hill et al. 2011; Ut-
tenthaler et al. 2012), a true estimate of
the (primarily) foreground thin and thick
disk contamination is difficult to ascertain.
In an attempt to gauge the impact of fore-
ground contamination, the coordinates of
stars in our two southern bulge fields were
cross–referenced with the Southern Proper
Motion IV catalog (SPM4; Girard et al.
2011)19. We were able to match 77/91
stars in the (–5.5,–7) field and 98/105 stars
in the (–4,–9) field. Histograms of the
proper motion results are shown in the top
two panels of Figure 11. As can be seen in
Figure 11, both fields contain a dominant
population with a total proper motion .20
mas year−1 and a tail that extends out to
∼35 mas year−1 for the (–5.5,–7) field and
∼60 mas year−1 for the (–4,–9) field. This
is in good agreement with that found by
19The stars in our northern bulge field have a decli-
nation of ∼–16◦, which is outside the SPM4 range
of –20◦ to –90◦.
Uttenthaler et al. (2012; their Figure 3) at
(0,–10).
As a rough estimate of contamination,
we can assign targets lying in the tails of
the proper motion distributions as possi-
ble foreground stars. Using a discrimina-
tor of 22 mas year−1 for the (–5.5,–7) field
and 21 mas year−1 for the (–4,–9) field
suggests foreground contamination rates of
9% (7/77) and 11% (11/98), respectively.
However, given that many of the “outliers”
fall within a few mas year−1 of our cut–
off and the proper motion errors are gener-
ally ∼3–8 mas year−1, it is possible that as
many as 50% of the possible outliers are ac-
tually bulge members. Additionally, since
Uttenthaler et al. (2012) find that the dou-
ble red clump and dual peaked metallicity
distribution function features are present
in their sample of stars with proper mo-
tions >20 mas year−1, we follow their as-
sessment and have not excluded any stars
in our sample. We do note however that
the middle and bottom panels of Figure 11,
which plot (J–K)o and [Fe/H] versus total
proper motion, give some indications that
the more extreme proper motion outliers
may clump together at colors and metal-
licities consistent with the foreground thin
disk and metal–poor thick disk (or metal–
rich halo).
4.2. Radial Velocities
In Figure 12 we plot histograms of the
heliocentric radial velocity distributions
for all fields analyzed here. The mean, me-
dian, and standard deviations are –26.6,
–29.9, and 73.7 km s−1 for the (–5.5,–7)
field, –40.7, –49.3, and 85.1 km s−1 for the
(–4,–9) field, and –3.8, +15.2, and 81.6
km s−1 for the (+8.5,+9) field. Similarly,
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the mean/median galactocentric velocities
(VGC) for these fields are: –40.8/–44.8 km
s−1, –48.0/–57.8 km s−1, and +40.5/+60.2
km s−1. For the two southern bulge fields,
the velocity distributions and dispersions
are in good agreement with the BRAVA
results (e.g., see Kunder et al. 2012; their
Figure 11). This is confirmed in Figure
13 where we plot the velocity distribu-
tions from this work and overlapping or
nearby BRAVA fields. A two–sided KS
test finds that the data are insufficient to
strongly reject the null hypothesis that the
(–5.5,–7)/(–6,–7) fields (p–value=0.063)
and (–4,–9)/(–4,–8) fields (p–value=0.094)
are drawn from the same parent popula-
tions. Additionally, the median galacto-
centric radial velocity and dispersion for
our two southern bulge fields are in rea-
sonable agreement with the Shen et al.
(2010) bulge model, which find VGC=–52.2
(σ=78.9) km s−1 and VGC=–54.1 (σ=78.2)
km s−1 at (l,b)=(–5.5,–7) and (–4,–9), re-
spectively (Z. Li & J. Shen 2012; priv.
comm.).
While the BRAVA sample did not ex-
tend to our single northern bulge field,
the mean galactocentric velocity and dis-
persion we derived for the (+8.5,+9) field
(VGC=+40.5 km s
−1, σ=81.6 km s−1) is
in moderately good agreement with that
found by Minitti (1996) for the nearby
(+8,+7) field (VGC=+54.4 km s
−1, σ=84.4
km s−1). Similarly, our derived me-
dian galactocentric velocity for this field
(VGC=+60.2 km s
−1) is in reasonably good
agreement with the Shen et al. (2010) me-
dian galactocentric velocity model value
of VGC=+71.6 km s
−1 (σ=65.7 km s−1;
Z. Li & J. Shen 2012; priv. comm.).
As was mentioned in §4.1, it is possible
that the (+8.5,+9) sight line may be par-
tially contaminated by one of the struc-
tures associated with the X–shaped bulge
(e.g., see Saito et al. 2011; their Figure
3). This could result in additional sub-
structure being present in our empirical
velocity distribution function. However,
visual inspection of Figure 12 does not in-
dicate strong evidence of any additional
features. This is supported by the results
of Shapiro–Wilk and Anderson–Darling
normality tests, which return p–values of
0.288 and 0.114, and indicate insufficient
evidence to reject the null hypothesis that
the (+8.5,+9) velocity distribution is nor-
mal.
In Figure 14 we show the heliocentric
radial velocity and dispersion distributions
as a function of [Fe/H] for all fields. As
can be clearly seen in Figure 14, all three
fields exhibit nearly identical trends of a
decreasing velocity dispersion with increas-
ing [Fe/H]. This observed trend is consis-
tent with both the red clump and giant
data analyzed in other outer bulge (|b|&6◦)
fields (e.g., Minitti 1996; Babusiaux et al.
2010; de Propris et al. 2011; Johnson et al.
2011; Uttenthaler et al. 2012), and con-
trasts with the minor–axis results found
by Babusiaux et al. (2010; their Figure
6) at b=–4◦ (opposite trend) and b=–6◦
(no trend). While de Propris et al. (2011)
also find a correlation between the mean
radial velocity and [Fe/H] for red clump
stars, Babusiaux et al. (2010) and Utten-
thaler et al. (2012) do not find significant
evidence of mean velocity variations as a
function of metallicity. Visual inspection
of Figure 14 indicates that we also do not
find significant variations in mean/median
velocity as a function of [Fe/H] with two
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exceptions: (1) the metal–poor ([Fe/H]<–
1) stars in all fields and (2) the interme-
diate metallicity (–0.5.[Fe/H].0) stars in
the (+8.5,+9) field.
When the data are partitioned into 0.5
dex [Fe/H] bins, the median radial veloc-
ities within each bin of the (–5.5,–7) and
(–4,–9) fields vary by <20 km s−1 (ignor-
ing the [Fe/H]<–1 stars). The same is also
true in the (+8.5,+9) field where the stars
with –1<[Fe/H]<–0.5 and [Fe/H]>0 have
median radial velocities of –24.6 and –28.4
km s−1, respectively. However, the stars
in this field with –0.5<[Fe/H]<0 exhibit a
noticeable velocity increase to +28.8 km
s−1. Although there is evidence that the
X–shaped bulge structure traced by the
double red clump may preferentially con-
tain stars with [Fe/H]>–0.5 (Ness et al.
2012; Uttenthaler et al. 2012), it is not
clear if the increase in median velocity near
[Fe/H]∼–0.5 for our RGB sample is due
to contamination from the nearby X–shape
structure or is simply a statistical fluctua-
tion.
For the metal–poor ([Fe/H]<–1) stars in
the (–5.5,–7), (–4,–9), and (+8.5,+9) fields
the median heliocentric velocities are:
+49.6 (σ=119.2) km s−1, –70.8 (σ=117.4)
km s−1, and –114 (σ=109.3) km s−1, re-
spectively. This contrasts with the more
homogeneous set of stars with [Fe/H]>–1,
which have median velocities and disper-
sions of: –32.5 (σ=66.1) km s−1, –42.1
(σ=79.4) km s−1, and +17.4 (σ=76.1) km
s−1. However, the relatively small number
of stars in the most metal–poor bin of each
field makes it difficult to assess the signif-
icance of the larger median velocities and
dispersion of these stars. Therefore, we in-
stead attempt to determine how many of
the stars with [Fe/H]<–1 might be outliers
by using the interquartile range (IQR) of
the more metal–rich ([Fe/H]>–1) stars in
each field. We define moderate outliers
as stars with velocities of 1.5–3.0×IQR
above/below the median and extreme out-
liers as stars having velocities >3.0×IQR
above/below the median. While we did not
find extreme outliers in any of the fields,
∼20–40% of the metal–poor stars are mod-
erate outliers and may belong to the halo.
The small percentage of stars with both
low [Fe/H] and high velocities is consis-
tent with the halo contamination estimate
given in §4.1.1.
4.3. α–Element Abundances
While iron may be produced by both
short lived Type II supernovae (SNe) and
longer lived Type Ia SNe, the α elements
are primarily produced only by massive
stars. As a consequence, the [α/Fe] ra-
tio can be a useful diagnostic for deter-
mining the chemical enrichment history of
a stellar population (e.g. Tinsley 1979;
Matteucci & Brocato 1990). In particu-
lar, the magnitude of the [α/Fe] ratios and
the metallicity at which the [α/Fe] ratio
begins to decline (presumably due to the
onset of Type Ia contributions) yield infor-
mation about important quantities such as
a population’s initial mass function (IMF)
and star formation rate (e.g., see review by
McWilliam 1997 and references therein).
Additionally, the star–to–star dispersion
of the measured [α/Fe] ratios in a given
metallicity range can provide insight re-
garding the homogeneity of the gas from
which the observed stars formed. In order
to help address these issues in the bulge,
we have measured the [O/Fe], [Si/Fe], and
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[Ca/Fe] ratios for stars in all three of our
bulge fields.
In Figures 15–17 we plot [O/Fe], [Si/Fe],
and [Ca/Fe] as a function of [Fe/H], re-
spectively. To first order, all of the [X/Fe]
ratios follow the same general trend of be-
ing enhanced by &+0.3 dex at [Fe/H].–
0.5 and then declining monotonically with
increasing [Fe/H]. However, despite all of
the α–elements sharing the same [Fe/H]
value at which a steeper decline in their
[X/Fe] ratios occurs, it is clear from Fig-
ures 15–17 that each element exhibits a
slightly different trend. In particular, we
note: (1) the [O/Fe] ratios are ∼0.1–0.3
dex larger than either [Si/Fe] or [Ca/Fe]
for a given [Fe/H], (2) the decline in
[Ca/Fe] with increasing [Fe/H] is more
shallow than for [O/Fe] and [Si/Fe], (3)
the [Si/Fe] data appear to continuously
decline at [Fe/H]>0 while the [O/Fe] and
[Ca/Fe] distributions appear to flatten out,
and (4) the difference between the median
[X/Fe] ratios for stars with [Fe/H]<–0.5
and [Fe/H]>–0.5 is marginally larger for
[O/Fe] than either [Si/Fe] or [Ca/Fe] (see
also Table 6). This last point has been
noted previously (e.g., McWilliam & Rich
2004; Zoccali et al. 2006; Fulbright et al.
2007; Alves–Brito et al. 2010; Ryde et al.
2010), and may be related to mass loss
in Wolf–Rayet stars, rapidly rotating mas-
sive metal–poor stars, or metal–poor bi-
nary systems (e.g., McWilliam et al. 2008;
Cescutti et al. 2009; but see also Ryde
et al. 2010 and Alves–Brito et al. 2010).
Unfortunately, we did not measure C, N,
or Mg in our spectra and cannot comment
further on the likelihood of our measured
[O/Fe] abundances being affected by mass
and/or metallicity–dependent reductions
in the oxygen yield from massive stars.
Interestingly, the individual abundance
trends are nearly identical in all three of
our fields, an observation that is high-
lighted in the bottom panels of Figures 15–
17. The similarities between the different
fields is also evident by examining Table
6, which summarizes the median [X/Fe]
ratios and star–to–star dispersions for the
metal–poor ([Fe/H]<–0.5) and metal–rich
([Fe/H]>–0.5) groups in each field. The
dispersion value, listed as σ in Table 6,
represents the scatter around a best–fit
line through each subpopulation, and is
likely a fair representation of the mea-
surement error. On average, the scatter
for [O/Fe], [Si/Fe], and [Ca/Fe] only in-
creases by +0.06, +0.02, and +0.02 dex
between the metal–poor and metal–rich
populations. These data support previous
observations (e.g., Gonzalez et al. 2011;
Johnson et al. 2011; Rich et al. 2012; Ut-
tenthaler et al. 2012) that the bulge was
well–mixed across a large volume and that
large–scale IMF and star formation history
differences were either not present or were
diluted by mixing.
In order to examine further the small
differences between the various α–element
trends, we compare our abundances with
three bulge chemical enrichment models in
Figure 18. The models in Figure 18 include
the primary bulge model from Kobayashi
et al. (2011; solid red line), a model as-
suming a flat IMF (x=0.3; dashed green
line), and a model assuming a flat IMF
with both outflow (to reduce the Fe pro-
duction) and a larger binary fraction than
the solar neighborhood (dotted blue line).
We find that the individual α–element
abundance trends are fit reasonably well
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by the nominal Kobayashi et al. (2011)
model that assumes a Kroupa (2008) IMF
(x=1.3) for massive stars, rapid star forma-
tion (shorter than the solar neighborhood),
and a short star formation duration (∼3
Gyr). On the other hand, the one–zone
flat IMF model clearly fails to reproduce
the observed decrease in the [X/Fe] ratios
with increasing [Fe/H], unless gas outflow
is included to decrease the Fe yield. From
these data we can conclude that: (1) a
flat IMF model that does not include out-
flow (or some other way to decrease Fe
production) fails to match the universal
decline in [α/Fe] at [Fe/H]&–0.5 observed
in our bulge fields, (2) the data are con-
sistent with a model in which a significant
portion of the bulge formed rapidly (<3
Gyr) and with a majority of its chemi-
cal enrichment driven by massive stars,
and (3) the variations in the [X/Fe] ver-
sus [Fe/H] trends between the individual
α–elements are consistent with our cur-
rent understanding of massive star nucle-
osynthesis. Although the Kobayashi et al.
(2011) model is able to provide a reason-
able fit to our [O/Fe] and [Ca/Fe] data,
we note that the model values for [Si/Fe]
have been artificially reduced by –0.2 dex
to provide a consistent fit. It is not clear
if the Si offset is due to problems related
to the nucleosynthesis codes (e.g., reaction
rates; treatments of convection), the abun-
dance codes (e.g., NLTE/3D effects; model
atmosphere deficiencies), or both.
4.3.1. Comparison with Other Bulge Fields
Several past studies have examined the
behavior of various α–elements in fields
along both the minor and major axis of
the bulge (McWilliam & Rich 1994; Rich
& Origlia 2005; Cunha & Smith 2006; Zoc-
cali et al. 2006; Fulbright et al. 2007;
Lecureur et al. 2007; Rich et al. 2007b;
Mele´ndez et al. 2008; Alves–Brito et al.
2010; Bensby et al. 2010a; Ryde et al.
2010; Bensby et al. 2011; Gonzalez et al.
2011; Hill et al. 2011; Johnson et al. 2011;
Bensby et al. 2013; Ness et al. 2013; Rich
et al. 2012; Uttenthaler et al. 2012). All
of these studies tend to find that metal–
poor ([Fe/H].–0.5) stars universally show
enhancements of at least +0.3 dex in their
[α/Fe] ratios, with the more metal–rich
stars exhibiting lower [α/Fe] ratios. Addi-
tionally, despite differing data quality, in-
struments, and measurement techniques, a
general consensus has emerged indicating
that the [α/Fe] versus [Fe/H] trends are
essentially identical among all bulge fields
and that this may be especially true among
bulge stars with [Fe/H].–0.5.
In Figure 19 we overplot our derived
[O/Fe], [Si/Fe], and [Ca/Fe] abundances as
a function of [Fe/H] with those available
in the literature. Except for small offsets
(.0.1 dex) due to systematic differences
in abundance scales, our data are gener-
ally in good agreement with those avail-
able in other bulge fields. The lone excep-
tion appears to be the [Si/Fe] abundances
at [Fe/H]&0. In particular, our [Si/Fe] ra-
tios appear to decline more rapidly with in-
creasing [Fe/H] than those found in other
fields. Unfortunately, the reason for this
discrepancy is not immediately clear, but
it could result from effects such as the
high excitation potential of the Si I lines
used here or the sensitivity of especially
the 6155 A˚ Si I line to CN contamination
in cool, metal–rich giants (see Figure 6).
We note that there do not appear to be
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any strong trends between [Si/Fe] and Teff
or between abundances derived from the
6145 and 6155 A˚ Si I lines. Alternatively,
the data may reflect a true [Si/Fe] abun-
dance difference between metal–rich stars
on the minor/major bulge axes and in off–
axis fields. However, this seems less likely
given the agreement between our data and
the literature for [O/Fe] and [Ca/Fe] at
[Fe/H]>0. In any case, the majority of
our data, including the [Si/Fe] ratios at
[Fe/H]<0, extend the findings of previous
work (e.g., Gonzalez et al. 2011) indicat-
ing that there is no significant α–element
gradient present in the bulge.
4.3.2. Comparison with the Galactic Halo
and Disk
As mentioned in §1, early comparisons
of the bulge’s chemical composition to the
other major Galactic stellar populations
(i.e., disk and halo) seemed to indicate that
bulge stars may be uniquely enhanced in
their [α/Fe] ratios (Zoccali et al. 2006; Ful-
bright et al. 2007; Lecureur et al. 2007),
but recent studies have instead found that
the bulge may be chemically similar to the
thick disk and possibly metal–rich tail of
the halo (Prochaska et al. 2000; Mele´ndez
et al. 2008; Bensby et al. 2010a,b; Ryde et
al. 2010; Alves–Brito et al. 2010; Bensby
et al. 2011; Gonzalez et al. 2011; Hill et
al. 2011; Johnson et al. 2011). However,
it is not yet clear if the chemical similarity,
particularly between the bulge and thick
disk, extends to other light and heavy ele-
ments as well (e.g., Fulbright et al. 2007;
Lecureur et al. 2007; Alves–Brito et al.
2010; Johnson et al. 2012).
In Figures 20–22 we compare our de-
rived [O/Fe], [Si/Fe], and [Ca/Fe] abun-
dances to those available in the literature
for both giants and dwarfs in the halo,
thick disk, and thin disk20. First examin-
ing [O/Fe] for stars with [Fe/H]<0, Figure
20 shows that the thick disk and halo ex-
hibit nearly identical abundance patterns
with respect to the bulge, albeit with a
smaller star–to–star scatter. Further in-
spection of Figure 20 also reveals that
our most metal–poor bulge stars may have
slightly enhanced (∼0.1–0.2 dex) [O/Fe]
ratios relative to similar metallicity halo
and thick disk giants. However, we do not
believe this offset is significant because: (1)
previous differential analyses have found
good agreement for [O/Fe] between these
populations (e.g., Mele´ndez et al. 2008;
Alves–Brito et al. 2010), (2) ∼0.1 dex
of the offset is due to a zero point differ-
ence between this work and Alves–Brito
et al. (2010; the green crosses in Fig-
ure 20), and (3) the observed difference is
within the error bars of our [O/Fe] mea-
surements. While the thin disk stars with
[Fe/H].0 exhibit lower [O/Fe] ratios than
the bulge, the situation becomes less clear
at higher [Fe/H]. For super–solar metallic-
ities the [O/Fe] abundance trends of the
thin disk, thick disk, and bulge appear to
merge and may become indistinguishable.
For the [Si/Fe] versus [Fe/H] distribu-
tions shown in Figure 21, we again find
that the halo and thick disk, especially at
20As has been noted in past work (e.g., Alves–Brito
et al. 2010), a direct comparison between abun-
dance trends derived from giant and dwarf spectra
may be contaminated by zero–point offsets that
can reach at least the 0.1–0.2 dex level. There-
fore, in Figures 20–22 we include both giant and
dwarf data for comparison, but caution that ap-
parent systematic abundance differences .0.1 dex
in the [α/Fe] ratios may not be significant.
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[Fe/H]<0, are nearly identical to that of
the bulge. However, much like the [O/Fe]
distributions, any similarities between the
bulge and thick disk become difficult to as-
sess at [Fe/H]>0. The number of thick disk
giants in this metallicity regime for which
[Si/Fe] has been measured is too small to
draw any firm conclusions. In contrast, the
[Si/Fe] ratios of the thin disk stars with
[Fe/H].0 are underabundant relative to
the bulge, and neither the dwarf nor gi-
ant trends exhibit the continued decline in
[Si/Fe] at [Fe/H]>0 seen in both our data
and possibly those of other bulge studies
(see Figure 19).
While the halo [Ca/Fe] abundances de-
rived from both dwarfs and giants are in
excellent agreement with our bulge values,
the thick disk [Ca/Fe] ratios for stars with
[Fe/H].–0.3 are ∼0.1 dex lower. Similarly,
the thin disk [Ca/Fe] abundances for stars
with [Fe/H]<0 are considerably lower than
those found in the bulge. However, the
[Ca/Fe] abundance differences between the
thin disk, thick disk, and bulge again be-
come difficult to untangle at [Fe/H]>0 (see
Figure 22). For the more metal–poor thick
disk giant sample, we can partially recon-
cile the [Ca/Fe] abundance difference by
applying the ∼0.05 dex zero point offset
between our abundance scale and that used
by Alves–Brito et al. (2010). The zero
point correction also affects the thin disk
and halo giant samples, but does not al-
ter our conclusions regarding the chemical
similarities between these populations.
In summary, we find in agreement with
recent studies that the metal–poor com-
ponent of the bulge ([Fe/H].0) and thick
disk share indistinguishable [α/Fe] abun-
dance distributions, and that these simi-
larities are independent of the α–element
analyzed. Additionally, we find that the
most metal–poor ([Fe/H]<–1) stars in the
bulge also exhibit very similar [α/Fe] dis-
tributions to the more metal–rich stars in
the halo. However, we note that this may
not be surprising given that some of our
metal–poor bulge stars could be halo in-
terlopers (see §4.1.1). In contrast, the thin
disk stars are generally underabundant in
their [α/Fe] ratios compared to bulge stars,
at least for [Fe/H]<0. For the most metal–
rich stars in the bulge, the [O/Fe] and
[Ca/Fe] data suggest that there may be sig-
nificant chemical overlap with the thin disk
and/or metal–rich tail of the thick disk.
While our data and those from past studies
indicate that the bulge and especially thick
disk may have shared similar chemical en-
richment histories, more work is needed to
determine how these two populations are
linked.
5. SUMMARY
We have determined [Fe/H], [O/Fe],
[Si/Fe], and [Ca/Fe] abundance ratios, as
well as radial velocities, for 264 RGB stars
in three off–axis bulge fields centered near
(l,b)=(–5.5,–7), (–4,–9), and (+8.5,+9).
The abundances were derived from mod-
erate resolution (R≈18,000), high S/N
(∼75–300 pixel−1) spectra obtained with
the Hydra multiobject spectrographs on
the Blanco 4m and WIYN 3.5m telescopes.
While the [Fe/H] abundances were mea-
sured using equivalent width analyses, the
[O/Fe], [Si/Fe], and [Ca/Fe] abundances
were measured using spectrum synthesis
techniques. The stars were selected from
the blue side of the giant branch, but an
analysis of the color–metallicity relation in
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other bulge samples that span a broader
color range suggests this may not intro-
duce a strong metallicity bias.
The metallicity distribution functions
for all three fields are in general agree-
ment with those found in minor–axis, outer
bulge fields. In particular, the full range
in [Fe/H] found in each field spans from
roughly [Fe/H]=–1.5 to +0.5 dex, and
the median metallicity for the two south-
ern bulge fields decreases with increasing
Galactic latitude. Combining our (–5.5,–7)
and (–4,–9) metallicity distributions with
the Gonzalez et al. (2011) data at (+5.25,–
3) indicates that the vertical metallicity
gradient observed by Zoccali et al. (2008)
along the minor–axis is also present in off–
axis fields. We find a similar [Fe/H] gradi-
ent of∼0.4 dex kpc−1. However, there does
not seem to be a similarly strong radial
[Fe/H] gradient. Interestingly, the north-
ern bulge field at (+8.5,+9) was found
to have the highest median metallicity
([Fe/H]=–0.23) sample. However, it is not
clear if this is a selection effect resulting
from redder stars being observed in this
field, an indication of asymmetry in the
metallicity distribution of the bulge, or
possible contamination in the field by the
X–shaped (and possibly metal–rich) bulge
structure.
The radial velocities and dispersion de-
rived here are in good agreement with the
BRAVA survey, and by extension are in
reasonable agreement with the Shen et al.
(2010) model. All three of our fields are
also found to exhibit nearly identical ra-
dial velocity dispersion versus [Fe/H] rela-
tions that show a strong decrease in dis-
persion with increasing metallicity. This
trend matches previous observations of
outer bulge fields, but contrasts with the
dispersion–metallicity relation found at
|b|<6◦. In the two southern bulge fields,
we do not find any significant variations
with respect to the median velocity as a
function of [Fe/H]. The same is also true
for the more metal–poor and metal–rich
stars in the northern field, but there is an
unexpected increase in median velocity for
stars with –0.5<[Fe/H]<0 in this field. It
is possible that this effect could be tied to
the X–shaped bulge structure that resides
near the (+8.5,+9) sight line.
We find in agreement with past stud-
ies that the [α/Fe] ratios are enhanced in
all bulge fields at [Fe/H].–0.5, but the
α–element abundances monotonically de-
cline at higher metallicities. Additionally,
the [O/Fe], [Si/Fe], and [Ca/Fe] abun-
dance trends exhibit remarkable homo-
geneity across all fields analyzed in this
work and previous studies. A significant
[α/Fe] abundance gradient does not ap-
pear to exist in the bulge. Small variations
in the slope and magnitude of the individ-
ual α–element trends are consistent with
our current understanding of massive star
nucleosynthesis, and support the idea that
the bulge was well–mixed and formed more
rapidly than the local thin disk. However,
we find in agreement with several recent
studies that for [Fe/H].0 the bulge [α/Fe]
ratios are indistinguishable from the halo
and thick disk. Unfortunately, it is not yet
clear if the similar [α/Fe] trends between
especially the bulge and thick disk extend
to super–solar metallicities.
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Fig. 1.— KS versus J–KS color–magnitude diagrams for the three observed bulge fields. The
small black circles are point sources from the 2MASS catalog, and the filled red circles are
the stars observed in the (l,b)=(–5.5◦,–7◦), (–4◦,–9◦), and (+8.5◦,+9◦) fields. The dashed
blue lines designate the approximate separation between the bulge RGB and the foreground
red clump population.
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Fig. 2.— The four panels show the relationship between log(g) and Teff for bulge RGB
stars in our combined sample (filled grey circles) and those available in the literature (filled
blue circles). Each panel contains only stars within the listed metallicity range. A 3rd order
polynomial is fit to the literature data and is illustrated by the solid blue lines. The literature
data are from: McWilliam & Rich (1994), Rich & Origlia (2005), Fulbright et al. (2006),
Lecureur et al. (2007), Rich et al. (2007b), Mele´ndez et al. (2008), Zoccali et al. (2008),
Alves–Brito et al. (2010), Ryde et al. (2010), Johnson et al. (2011), and Rich et al. (2012).
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Fig. 3.— Typical sample spectra for stars of comparable Teff are shown to illustrate how the
continuum windows, line strengths, and molecular features change as a function of metallicity.
The left panel shows a portion of the 6300 A˚ region spectra, and the right panel shows a
portion of the 6700 A˚ region spectra for the same three stars. The spectra have been offset
for display purposes.
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Fig. 4.— Sample spectrum synthesis fits to the region around the 6300A˚ [O I] line for a cool,
metal–poor star (left panels) and a cool metal–rich star (right panels). In the top left and
top right panels, the solid black line shows the best fit oxygen abundance. The colored solid
lines illustrate how the syntheses change when the oxygen abundance is altered by +0.3 dex
(red lines) and –0.3 dex (blue lines) from the best–fit value. Similarly, the bottom left and
bottom right panels show how the syntheses change when oxygen is held fixed at the best–fit
value while the CN and Sc abundances are altered by ±0.3 dex.
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Fig. 5.— Similar to Figure 4, the synthetic spectrum fits shown here illustrate how the CN
abundance was determined for each star. The top panel shows a cool, metal–poor example
and the bottom panel shows a cool, metal–rich example. The black line indicates the best
fit CN abundance. The red and blue syntheses indicate changes in the CN abundance by
±0.3 dex, respectively. Note that except for a weak Si I and Fe II blend near 6332 A˚, the
two regions spanning 6331.5–6335 A˚ and 6337.5–6339.8 A˚ contain almost exclusively CN
features.
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Fig. 6.— Similar to Figure 4, the synthetic spectrum fits shown here illustrate how the
Si and Ca line profiles change when the Si and Ca abundances are altered ±0.3 dex from
the best–fit value (top panel) and when the CN abundance is altered by ±0.3 dex from the
best–fit value (bottom panel). Note the particular sensitivity of the 6155 Si I line to changes
in the CN abundance.
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Fig. 7.— The top three panels show the metallicity distribution functions for all three bulge
fields binned in 0.1 dex increments. The bottom panel compares the cumulative distribution
functions for all three fields.
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Fig. 8.— Metallicity distribution functions are shown for bulge RGB stars in four minor–
axis (left panels) and four off–axis (right panels) fields. The dashed red line in each panel
indicates the median [Fe/H] value. The (l,b)=(+1,–4), (0,–6), and (0,–12) fields are from
Zoccali et al. (2008), the (0,–8) field is from Johnson et al. (2011), the (+5,–3) field is
from Gonzalez et al. (2011), and the (–5.5,–7), (–4,–9), and (+8.5,+9) fields are from the
present work. Note that the decreasing metallicity gradient with increasing Galactic latitude
appears to be present along both the minor axis and off–axis.
32
Fig. 9.— Color–magnitude diagrams using 2MASS data (small black points) are shown for
the bulge fields presented in Zoccali et al. (2008) and Gonzalez et al. (2011). The filled
red circles are the observed stars in each field, those with magenta crosses are the most
metal–poor stars ([Fe/H]<–0.7), and those with cyan crosses are the most metal–rich stars
([Fe/H]>+0.2). Note that both metal–poor and metal–rich stars are found over a broad
range in J–KS color.
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Fig. 10.— Metallicity distribution histograms and cumulative distribution functions are
shown for the full samples (solid black lines) presented in Zoccali et al. (2008) and Gonzalez
et al. (2011). Similar data are plotted using just the bluest third of each sample (solid blue
lines), which roughly matches our sample selection. In the right panels we include the results
of two–sided KS tests (comparing the blue and total samples), median [Fe/H] values, and
interquartile ranges (IQR) for each population.
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Fig. 11.— The left panels show (top) a histogram of the total proper motion for stars in the
(–5.5,–7) field, (middle) a plot of (J–K)o versus total proper motion, and (bottom) a plot of
[Fe/H] versus total proper motion. The right panels include the same information for the
(–4,–9) field. The proper motion data are from the SPM4 catalog.
35
Fig. 12.— The three panels show the heliocentric radial velocity distributions for each field
in 10 km s−1 bins.
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Fig. 13.— The top left and bottom left panels compare the (–5.5,–7; red lines and symbols)
and (–4,–9; blue lines and symbols) to nearby and/or overlapping fields observed for the
BRAVA project (Howard et al. 2008; Kunder et al. 2012). The data are binned in 25 km
s−1 increments. The right panel shows the Galactic longitude and latitude for individual
stars in the new fields observed here, the comparison BRAVA fields used in the histograms
(black crosses), and other nearby BRAVA fields (grey filled circles).
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Fig. 14.— The left panels show the heliocentric radial velocity distribution as a function of
[Fe/H] for the (–5.5,–7) (filled red circles), (–4,–9) (filled blue circles), and (+8.5,+9) (filled
green circles) fields. In the right panel, the velocity dispersion is shown for all three fields
with the data merged into 0.5 dex [Fe/H] bins. The larger error bars on the most metal–poor
bin are due to the relatively small sample size.
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Fig. 15.— [O/Fe] is plotted as a function of [Fe/H] for all three fields. For display purposes,
the individual error bars are suppressed in the bottom panel and a typical error bar is shown
in the top right corner.
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Fig. 16.— Similar to Figure 15 with [Si/Fe] plotted as a function of [Fe/H].
40
Fig. 17.— Similar to Figure 15 with [Ca/Fe] plotted as a function of [Fe/H].
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Fig. 18.— The [O/Fe], [Si/Fe], and [Ca/Fe] abundances for all three fields (combined) are
plotted as a function of [Fe/H]. The solid red line shows the predicted change in each α
element as a function of [Fe/H], based on the bulge model of Kobayashi et al. (2011). The
dashed green line is the model prediction assuming a flatter IMF (x=0.3) and the dotted
blue line is the model prediction assuming x=0.3 with outflow. Note that the [Si/Fe] model
values have been systematically decreased by 0.2 dex (see text for details).
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Fig. 19.— [O/Fe], [Si/Fe], and [Ca/Fe] ratios are plotted as a function of [Fe/H] for all bulge
stars measured here (filled grey circles) and compared with previous bulge measurements
(filled blue circles). The individual error bars have been suppressed for display purposes and
a typical error bar is shown in the top right corner of each panel. The literature data are
from: McWilliam & Rich (1994), Rich & Origlia (2005), Fulbright et al. (2007), Lecureur et
al. (2007), Rich et al. (2007b), Mele´ndez et al. (2008), Alves–Brito et al. (2010), Bensby et
al. (2010a), Ryde et al. (2010), Bensby et al. (2011), Gonzalez et al. (2011), Johnson et al.
(2011), and Rich et al. (2012).
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Fig. 20.— [O/Fe] ratios are plotted as a function of [Fe/H] for bulge stars in all three
fields (filled grey circles), the Galactic halo (top panels), thick disk (middle panels), and
thin disk (bottom panels). For the halo and disk populations, abundances derived from
dwarfs and/or subgiants are designated by magenta open boxes and abundances derived
from giants are designated by green crosses. The individual error bars for our bulge stars
have been suppressed for display purposes and a typical error bar is shown in the top right
corner of each panel. The halo and disk data are from: Tomkin et al. (1992), Edvardsson
et al. (1993), Prochaska et al. (2000), Reddy et al. (2003), Bensby et al. (2005), Brewer &
Carney et al. (2006), Reddy et al. (2006), and Alves–Brito et al. (2010). For the Alves–Brito
et al. (2010) giant data we show only the abundances derived using Kurucz atmospheres.
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Fig. 21.— Similar to Figure 20 with [Si/Fe] plotted as a function of [Fe/H]. The halo and
disk data are from: Edvardsson et al. (1993), Nissen & Schuster (1997), Fulbright (2000),
Prochaska et al. (2000), Stephens & Boesgaard (2002), Johnson (2002), Bensby et al. (2003),
Reddy et al. (2003), Bensby et al. (2005), Brewer & Carney et al. (2006), Reddy et al.
(2006), and Alves–Brito et al. (2010).
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Fig. 22.— Similar to Figure 20 with [Ca/Fe] plotted as a function of [Fe/H]. The literature
data are from the same sources as in Figure 21.
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Table 1
Summary of Hydra Observations
UT Date Telescope Setup Exposure Field (l,b)
2011 Aug 19 WIYN 6250 3x3600 s (+8.5,+9)
2011 Aug 20 WIYN 6250 3x3600 s (+8.5,+9)
2011 Sep 08 Blanco 6700 3x3600 s (−5.5,−7)
2011 Sep 09 Blanco 6250 1x2700 s (−5.5,−7)
2011 Sep 10 Blanco 6250 4x3600 s (−5.5,−7)
2011 Sep 11 Blanco 6700 3x3600 s (−4,−9)
2011 Sep 11 Blanco 6250 1x3600 s (−4,−9)
2011 Sep 12 Blanco 6250 4x3600 s (−4,−9)
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Table 2
Star Identifiers, Photometry, Model Atmosphere Parameters, and Radial Velocities
Star ID E(B–V) J H KS Teff log(g) [Fe/H] Vt RV Helio.
2MASS (K) (cgs) (km s−1) (km s−1)
(l,b)=(–5.5,–7)
18011989−3723462 0.212 10.996 10.313 10.148 4405 1.20 −1.50 1.55 +50.3
18003452−3729217 0.232 11.809 11.142 11.022 4605 1.60 −1.40 2.15 −78.2
18011692−3722508 0.222 11.436 10.753 10.608 4475 1.45 −1.33 1.75 +49.0
18005584−3739103 0.212 11.525 10.805 10.659 4360 1.30 −1.31 1.80 +171.3
18015010−3735279 0.196 11.568 10.880 10.736 4425 1.50 −1.15 1.80 −45.9
18005916−3727585 0.220 11.610 10.935 10.796 4510 1.70 −1.04 1.55 +227.8
18005027−3707505 0.268 11.908 11.261 11.110 4630 1.90 −0.99 1.85 +48.4
18005234−3715478 0.250 11.168 10.407 10.294 4395 1.55 −0.99 1.40 +49.2
18020106−3737561 0.203 11.266 10.568 10.416 4390 1.55 −0.98 1.65 +26.0
17595541−3713447 0.324 11.425 10.688 10.558 4520 1.75 −0.90 1.45 +39.7
17595664−3725304 0.268 12.034 11.318 11.220 4585 1.85 −0.89 1.20 −104.7
18021345−3730371 0.191 11.669 10.910 10.748 4200 1.35 −0.80 1.90 −42.4
17594241−3718247 0.311 11.436 10.669 10.529 4395 1.60 −0.76 2.15 −94.9
18013342−3726339 0.202 11.784 11.095 10.979 4505 1.75 −0.76 1.90 +0.5
18003204−3726008 0.243 10.558 9.755 9.587 4150 1.25 −0.75 1.55 −70.9
18013580−3740055 0.211 11.383 10.589 10.450 4195 1.35 −0.75 1.80 −192.4
18013799−3725131 0.201 11.349 10.591 10.412 4175 1.35 −0.74 1.60 +45.0
18022149−3713494 0.223 11.033 10.276 10.106 4225 1.40 −0.71 1.75 −18.9
18011408−3711299 0.237 12.001 11.310 11.203 4580 1.95 −0.69 1.40 +63.8
18021275−3737543 0.206 11.938 11.261 11.137 4525 1.85 −0.67 1.45 +36.9
17595027−3727293 0.265 11.679 10.864 10.744 4260 1.60 −0.66 1.65 −23.9
18002115−3715519 0.276 11.041 10.212 10.035 4115 1.30 −0.61 1.55 −158.9
17595366−3728186 0.266 11.857 11.216 11.019 4515 1.85 −0.59 1.85 −41.9
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Table 2—Continued
Star ID E(B–V) J H KS Teff log(g) [Fe/H] Vt RV Helio.
2MASS (K) (cgs) (km s−1) (km s−1)
18001354−3709122 0.292 11.414 10.624 10.428 4175 1.50 −0.58 1.65 −101.9
18013960−3723398 0.211 11.616 10.847 10.669 4165 1.50 −0.58 1.10 −93.3
18021862−3734204 0.196 11.856 11.058 10.938 4210 1.55 −0.57 1.55 −30.0
18000535−3735315 0.226 10.115 9.348 9.163 4175 1.40 −0.57 1.55 −64.9
18013848−3721442 0.216 11.798 11.086 10.878 4230 1.55 −0.55 1.70 −78.5
17594792−3721422 0.316 10.871 10.128 9.954 4375 1.70 −0.54 1.40 −26.7
18011941−3721250 0.222 11.476 10.736 10.518 4155 1.45 −0.54 2.00 −231.8
18004824−3718074 0.251 11.531 10.714 10.539 4115 1.40 −0.54 1.50 −60.3
18014343−3708232 0.233 11.140 10.348 10.190 4185 1.50 −0.54 1.35 +22.8
18005852−3711524 0.252 11.873 11.260 11.065 4575 1.95 −0.53 1.35 −97.7
18020816−3714015 0.223 12.097 11.433 11.280 4505 1.85 −0.53 1.60 +41.4
18010932−3702079 0.262 11.050 10.291 10.065 4140 1.45 −0.49 1.80 +7.8
18010065−3740456 0.219 11.362 10.570 10.397 4135 1.45 −0.49 1.55 +4.2
17595640−3710383 0.326 10.761 9.998 9.836 4370 1.70 −0.43 1.30 +29.0
18012462−3738382 0.205 11.950 11.271 11.136 4485 1.85 −0.43 1.90 −74.6
18002880−3710171 0.274 11.899 11.253 11.098 4630 2.00 −0.42 1.80 +1.7
18024484−3714159 0.233 12.197 11.538 11.412 4615 2.00 −0.42 1.35 −3.8
18013206−3708133 0.235 12.106 11.451 11.322 4620 2.00 −0.41 1.40 −35.0
18004074−3740058 0.219 11.129 10.399 10.269 4385 1.75 −0.36 1.80 +27.5
18000013−3715053 0.297 11.412 10.663 10.486 4325 1.75 −0.34 1.60 +48.6
18015431−3717070 0.216 11.792 11.143 10.965 4470 1.90 −0.34 1.30 −139.9
18021006−3738193 0.206 11.920 11.261 11.161 4645 2.05 −0.32 1.65 −73.8
17595442−3721118 0.291 11.300 10.532 10.352 4265 1.60 −0.29 1.60 −51.2
18021721−3736096 0.202 11.735 11.078 10.962 4600 2.00 −0.25 1.90 −8.4
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Table 2—Continued
Star ID E(B–V) J H KS Teff log(g) [Fe/H] Vt RV Helio.
2MASS (K) (cgs) (km s−1) (km s−1)
18005096−3733499 0.215 11.899 11.122 10.995 4270 1.70 −0.25 1.25 −74.1
18005923−3707111 0.262 11.534 10.744 10.575 4200 1.65 −0.24 1.30 −66.3
18011851−3706092 0.248 11.093 10.324 10.146 4210 1.65 −0.24 1.65 −67.1
18013395−3705551 0.236 10.910 10.147 9.954 4175 1.60 −0.24 1.35 −5.7
18022648−3728188 0.204 11.921 11.249 11.132 4555 1.95 −0.20 1.95 −98.1
18024919−3727234 0.215 11.553 10.958 10.772 4595 2.00 −0.16 1.85 +22.4
18023660−3716289 0.231 12.155 11.471 11.360 4580 1.95 −0.14 1.90 +45.6
17595509−3711099 0.326 10.786 10.066 9.871 4395 1.80 −0.13 1.80 −27.1
18005395−3731231 0.215 9.731 9.003 8.783 4165 1.60 −0.13 1.90 +17.3
18010322−3705447 0.264 12.067 11.444 11.276 4645 2.05 −0.10 1.80 +28.4
18014769−3739220 0.210 12.128 11.416 11.356 4615 2.00 −0.10 1.20 −197.7
17594807−3715283 0.335 11.520 10.793 10.662 4565 2.00 −0.09 1.35 −155.7
18013618−3706311 0.234 11.292 10.565 10.373 4260 1.70 −0.07 1.50 +150.7
18004314−3730156 0.222 11.892 11.223 11.074 4500 1.95 −0.03 1.45 −21.1
18014303−3740054 0.212 10.738 10.030 9.854 4315 1.75 −0.03 1.75 −32.6
18003751−3728200 0.232 10.465 9.657 9.490 4130 1.55 −0.03 1.30 −43.5
18011170−3727118 0.213 12.157 11.555 11.409 4690 2.05 −0.01 1.85 +7.1
18023846−3718345 0.228 11.903 11.175 11.008 4310 1.80 −0.01 1.90 −76.0
18011671−3722213 0.222 12.034 11.424 11.273 4665 2.05 +0.00 1.60 −53.6
18005985−3734507 0.208 11.526 10.762 10.590 4185 1.75 +0.02 1.40 −35.6
18000430−3711051 0.311 10.596 9.803 9.629 4245 1.70 +0.06 1.60 +79.2
18003552−3729476 0.226 11.270 10.506 10.376 4310 1.80 +0.06 1.75 −53.2
18001817−3732243 0.238 11.710 11.056 10.896 4535 1.95 +0.08 1.35 −32.6
18013039−3713086 0.234 11.301 10.574 10.374 4240 1.80 +0.09 2.00 −8.3
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Table 2—Continued
Star ID E(B–V) J H KS Teff log(g) [Fe/H] Vt RV Helio.
2MASS (K) (cgs) (km s−1) (km s−1)
18012564−3741052 0.215 11.135 10.427 10.256 4330 1.85 +0.10 1.90 −57.1
18025713−3718318 0.233 9.999 9.250 9.049 4185 1.60 +0.10 1.70 +15.7
18011599−3741385 0.219 11.408 10.679 10.514 4300 1.80 +0.11 1.50 −9.3
18012944−3719488 0.225 12.181 11.576 11.419 4670 2.05 +0.12 1.95 −57.2
18020361−3719086 0.210 12.007 11.363 11.190 4485 1.95 +0.15 1.90 +6.5
18024024−3728187 0.208 11.803 11.088 10.870 4195 1.75 +0.17 1.80 +52.4
18000412−3717266 0.288 11.110 10.320 10.111 4145 1.70 +0.17 1.70 −52.9
18011177−3703344 0.270 10.829 10.123 9.895 4270 1.80 +0.19 1.60 −44.5
18001410−3725181 0.256 10.701 9.920 9.705 4110 1.65 +0.19 1.40 +22.5
18020300−3719418 0.205 10.172 9.420 9.222 4150 1.70 +0.21 1.20 +14.0
18004683−3703252 0.286 11.522 10.766 10.504 4100 1.65 +0.22 1.50 −92.0
18015404−3722564 0.201 10.959 10.260 10.059 4260 1.75 +0.22 1.55 −86.0
18013974−3704068 0.233 10.406 9.687 9.506 4305 1.80 +0.27 1.60 +85.0
18020704−3708064 0.226 11.494 10.860 10.688 4540 1.95 +0.27 1.60 −86.8
18023393−3730273 0.204 11.730 11.125 10.948 4575 2.00 +0.33 1.90 −24.3
18001720−3708374 0.292 10.695 9.928 9.676 4105 1.70 +0.42 1.50 −52.4
18003663−3708547 0.268 11.057 10.348 10.134 4295 1.80 +0.42 1.40 −1.5
18002569−3729578 0.240 11.855 11.251 11.030 4510 2.00 +0.50 1.50 −110.6
17594881−3716203 0.322 10.708 9.952 9.736 4250 1.85 +0.59 1.45 −79.3
18011201−3740090 0.209 11.423 10.789 10.621 4525 2.00 +0.66 1.65 −80.4
(l,b)=(–4,–9)
18122552−3653049 0.139 11.527 10.906 10.775 4560 1.55 −1.40 1.40 −75.2
18120653−3654264 0.143 12.095 11.497 11.376 4660 1.65 −1.38 1.00 −48.6
18110179−3630394 0.138 12.165 11.540 11.418 4570 1.65 −1.38 1.55 −177.3
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Table 2—Continued
Star ID E(B–V) J H KS Teff log(g) [Fe/H] Vt RV Helio.
2MASS (K) (cgs) (km s−1) (km s−1)
18124892−3626403 0.140 11.787 11.170 11.066 4650 1.75 −1.33 1.50 +87.4
18135164−3643463 0.119 12.266 11.615 11.532 4575 1.70 −1.30 2.00 −194.0
18124339−3635339 0.131 12.226 11.600 11.466 4525 1.65 −1.28 1.55 +82.0
18113921−3652069 0.134 11.927 11.269 11.114 4385 1.40 −1.26 1.90 +81.9
18111325−3646007 0.134 12.093 11.427 11.327 4510 1.65 −1.21 1.40 −191.8
18113833−3626322 0.146 11.951 11.219 11.077 4250 1.30 −1.18 2.00 −154.2
18111018−3639350 0.140 11.618 10.897 10.775 4320 1.35 −1.16 1.40 −184.0
18135243−3630481 0.123 11.896 11.285 11.154 4560 1.75 −1.15 1.60 −57.0
18121150−3627559 0.143 12.015 11.351 11.214 4430 1.60 −1.10 1.50 −101.7
18111963−3647245 0.134 11.955 11.279 11.138 4375 1.50 −1.06 1.45 −66.4
18140023−3635461 0.125 11.715 11.033 10.892 4345 1.50 −1.05 1.80 +144.4
18135881−3639345 0.128 11.376 10.692 10.555 4355 1.50 −0.99 1.70 −102.6
18121436−3654551 0.143 11.964 11.281 11.109 4290 1.50 −0.93 1.75 +67.0
18124228−3655079 0.138 11.062 10.336 10.178 4215 1.35 −0.92 1.95 +4.7
18122530−3637366 0.131 11.520 10.795 10.661 4265 1.50 −0.89 1.60 −4.8
18131370−3651584 0.129 11.994 11.321 11.189 4400 1.55 −0.88 1.20 −54.7
18134668−3623541 0.118 12.194 11.482 11.378 4355 1.60 −0.88 1.80 −0.5
18105081−3642137 0.135 11.853 11.227 11.098 4545 1.75 −0.87 1.10 −149.6
18124219−3631172 0.136 11.829 11.144 10.988 4315 1.55 −0.87 1.60 +30.8
18133688−3647054 0.125 11.510 10.860 10.739 4485 1.70 −0.86 1.70 −41.8
18123142−3639294 0.144 11.933 11.189 11.032 4185 1.45 −0.80 1.75 +255.1
18133038−3632229 0.131 12.339 11.734 11.621 4645 1.90 −0.80 1.80 −25.6
18133292−3624179 0.121 12.425 11.789 11.723 4675 1.95 −0.78 2.00 +27.7
18111681−3636318 0.139 9.774 9.033 8.866 4165 1.25 −0.77 1.40 +73.0
52
Table 2—Continued
Star ID E(B–V) J H KS Teff log(g) [Fe/H] Vt RV Helio.
2MASS (K) (cgs) (km s−1) (km s−1)
18105004−3640063 0.139 12.215 11.510 11.438 4490 1.70 −0.76 1.80 −106.6
18112334−3634194 0.139 11.853 11.216 11.072 4475 1.80 −0.74 1.50 +56.6
18131027−3632343 0.133 11.756 11.061 10.917 4320 1.60 −0.73 1.60 +103.3
18110293−3628041 0.139 11.708 11.001 10.823 4215 1.35 −0.72 1.95 +9.3
18132040−3623075 0.128 10.612 9.934 9.802 4385 1.70 −0.71 1.65 −68.2
18135588−3629188 0.120 11.675 11.027 10.896 4455 1.75 −0.71 1.95 −83.0
18105075−3635061 0.139 11.420 10.656 10.526 4195 1.40 −0.70 1.40 −56.2
18104188−3634541 0.141 11.795 11.139 11.067 4630 1.90 −0.68 1.80 −73.4
18132998−3628578 0.125 11.067 10.325 10.169 4170 1.40 −0.68 1.85 +27.6
18130544−3616563 0.136 12.015 11.309 11.145 4245 1.55 −0.66 1.70 −63.3
18115908−3654510 0.142 11.512 10.787 10.629 4225 1.50 −0.64 1.35 −124.5
18121077−3639094 0.135 12.089 11.423 11.245 4305 1.65 −0.63 1.70 −57.7
18120614−3629571 0.142 11.505 10.825 10.702 4425 1.75 −0.58 1.35 +29.0
18120213−3641599 0.141 11.866 11.297 11.126 4595 1.90 −0.55 1.55 −30.7
18123350−3654398 0.141 11.891 11.155 10.993 4185 1.55 −0.54 1.70 −96.9
18120973−3654184 0.143 11.594 10.887 10.663 4115 1.40 −0.53 2.00 −91.9
18105641−3632359 0.139 11.834 11.178 11.017 4380 1.70 −0.52 1.55 −269.5
18125106−3654091 0.134 11.873 11.257 11.135 4590 1.90 −0.51 1.20 +24.7
18111581−3648469 0.132 11.879 11.123 10.973 4160 1.55 −0.51 1.40 +106.2
18131387−3630130 0.132 12.065 11.373 11.201 4255 1.55 −0.51 1.70 −202.0
18123592−3634476 0.131 11.227 10.485 10.315 4145 1.55 −0.50 1.85 −139.1
18135736−3638266 0.129 12.042 11.379 11.178 4250 1.60 −0.49 1.40 −1.1
18133233−3626133 0.121 11.860 11.167 10.955 4145 1.55 −0.49 1.60 −207.5
18125003−3630269 0.137 12.146 11.496 11.343 4415 1.75 −0.49 1.95 −48.7
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Table 2—Continued
Star ID E(B–V) J H KS Teff log(g) [Fe/H] Vt RV Helio.
2MASS (K) (cgs) (km s−1) (km s−1)
18130723−3618385 0.131 12.187 11.577 11.418 4500 1.80 −0.45 1.60 −53.2
18125800−3616427 0.138 12.427 11.791 11.716 4675 2.05 −0.44 1.60 +59.9
18111323−3637030 0.139 12.128 11.466 11.356 4500 1.80 −0.44 1.30 +7.6
18130427−3630012 0.135 12.363 11.842 11.637 4630 2.00 −0.44 1.40 +5.1
18124614−3617326 0.143 11.966 11.263 11.093 4250 1.60 −0.43 1.70 −36.3
18120399−3615387 0.156 11.779 11.018 10.891 4230 1.60 −0.43 1.20 −111.6
18123475−3624478 0.143 12.094 11.408 11.305 4460 1.85 −0.43 1.80 −104.4
18115661−3617533 0.156 12.210 11.564 11.459 4590 1.95 −0.41 1.75 +21.3
18113299−3623341 0.147 11.235 10.514 10.369 4270 1.65 −0.40 1.35 −64.8
18111553−3628156 0.139 11.035 10.342 10.147 4210 1.60 −0.37 1.60 −90.1
18125907−3644275 0.153 12.126 11.565 11.405 4670 2.05 −0.37 1.90 +6.9
18111726−3620302 0.143 12.174 11.509 11.364 4405 1.80 −0.34 1.95 −21.1
18111579−3625114 0.141 11.649 10.881 10.733 4145 1.55 −0.34 1.25 −6.3
18131305−3650449 0.128 11.938 11.356 11.169 4495 1.90 −0.33 1.50 −65.1
18123152−3636498 0.130 11.523 10.830 10.618 4160 1.60 −0.33 1.40 −5.4
18125914−3619208 0.140 11.864 11.262 11.097 4515 1.90 −0.30 1.55 −81.5
18115073−3650493 0.135 11.856 11.258 11.053 4410 1.80 −0.29 2.10 −70.8
18114648−3625169 0.150 12.413 11.796 11.698 4685 2.05 −0.28 1.50 −57.3
18113751−3629139 0.141 11.649 10.895 10.724 4130 1.60 −0.28 1.30 −52.0
18122243−3637539 0.133 11.362 10.715 10.546 4375 1.80 −0.24 1.60 +44.1
18133366−3644575 0.127 12.331 11.752 11.627 4680 2.05 −0.23 1.70 −79.5
18134702−3641477 0.126 12.083 11.512 11.376 4670 2.05 −0.23 1.60 +99.3
18125228−3618294 0.140 11.766 11.150 11.028 4600 1.95 −0.21 1.65 +7.6
18110942−3647198 0.133 12.288 11.702 11.573 4660 2.00 −0.21 1.70 −49.3
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Table 2—Continued
Star ID E(B–V) J H KS Teff log(g) [Fe/H] Vt RV Helio.
2MASS (K) (cgs) (km s−1) (km s−1)
18104824−3638507 0.138 11.957 11.208 11.060 4185 1.60 −0.19 1.20 −224.2
18122301−3629462 0.137 10.311 9.598 9.392 4135 1.60 −0.19 1.65 +28.2
18133332−3645578 0.125 11.930 11.194 11.015 4130 1.60 −0.18 1.70 +23.5
18123434−3652241 0.137 10.907 10.251 10.081 4355 1.75 −0.18 1.65 −142.6
18112311−3625456 0.143 11.690 11.078 10.924 4525 1.95 −0.17 2.00 −0.9
18125463−3649277 0.137 11.588 10.938 10.756 4340 1.75 −0.14 1.65 −103.3
18123925−3620465 0.143 11.736 11.001 10.840 4195 1.65 −0.14 1.30 −177.4
18110629−3632146 0.137 10.483 9.850 9.628 4285 1.70 −0.13 1.70 +26.1
18133687−3639590 0.135 12.001 11.399 11.274 4625 2.00 −0.11 1.90 −81.2
18111505−3620576 0.142 11.836 11.238 11.097 4600 2.00 −0.09 1.40 −69.9
18120832−3628243 0.143 10.574 9.910 9.730 4320 1.75 −0.09 1.55 +39.9
18130815−3631460 0.133 10.652 9.901 9.723 4110 1.55 −0.09 1.25 −70.8
18120407−3636481 0.134 11.401 10.686 10.508 4190 1.65 −0.09 1.40 +82.4
18135786−3640300 0.128 11.801 11.147 10.948 4275 1.42 −0.05 1.40 −110.4
18131228−3619138 0.131 11.336 10.716 10.525 4385 1.80 −0.04 1.65 +2.7
18113372−3650200 0.134 11.714 11.085 10.835 4220 1.65 −0.04 1.65 +10.5
18115904−3650428 0.137 11.481 10.791 10.584 4185 1.65 −0.01 1.40 −24.8
18115448−3641161 0.139 11.705 11.047 10.904 4425 1.85 −0.01 1.75 −79.7
18123678−3649019 0.143 11.278 10.691 10.493 4470 1.85 +0.02 1.30 −104.1
18113965−3645408 0.135 11.884 11.193 11.032 4290 1.80 +0.05 1.30 −15.0
18135362−3636538 0.129 11.615 11.002 10.836 4465 2.00 +0.06 1.85 −69.2
18123168−3631555 0.133 12.427 11.801 11.705 4635 2.05 +0.09 1.80 +57.4
18115398−3623290 0.154 11.588 10.842 10.653 4120 1.70 +0.09 1.60 −96.1
18123393−3615508 0.149 11.863 11.301 11.133 4640 2.05 +0.11 1.75 −19.9
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Table 2—Continued
Star ID E(B–V) J H KS Teff log(g) [Fe/H] Vt RV Helio.
2MASS (K) (cgs) (km s−1) (km s−1)
18120689−3643231 0.143 11.523 10.920 10.767 4555 2.00 +0.11 1.80 −70.7
18130482−3649019 0.135 11.849 11.118 10.935 4145 1.70 +0.13 1.80 −116.7
18110352−3646275 0.134 10.786 10.068 9.880 4160 1.60 +0.14 1.50 −77.8
18105013−3629557 0.143 10.701 10.026 9.868 4345 1.85 +0.17 1.30 +14.2
18121897−3630243 0.135 12.261 11.645 11.537 4635 2.05 +0.22 1.50 −28.7
18122029−3652333 0.139 10.984 10.385 10.190 4440 1.90 +0.26 1.60 −42.1
(l,b)=(+8.5,+9)
17311256−1702018 0.359 10.392 9.555 9.385 4215 1.10 −1.26 1.70 +12.9
17290874−1632431 0.374 10.600 9.753 9.544 4125 0.95 −1.23 1.90 +35.7
17302885−1639588 0.390 10.855 10.048 9.824 4200 1.15 −1.17 1.90 −167.8
17304789−1623192 0.402 11.235 10.462 10.213 4235 1.20 −1.14 1.80 −211.7
17321080−1641479 0.393 10.232 9.304 9.117 4020 0.90 −1.09 1.75 −114.2
17303589−1638299 0.392 10.631 9.804 9.603 4210 1.25 −0.97 1.55 −104.1
17290513−1630383 0.380 10.960 10.090 9.880 4080 1.10 −0.96 2.15 −63.9
17314699−1654460 0.342 11.270 10.457 10.273 4215 1.35 −0.93 1.60 −93.5
17305076−1615216 0.378 11.238 10.420 10.218 4210 1.30 −0.81 1.70 −196.1
17323324−1627474 0.438 10.835 9.934 9.687 4005 1.05 −0.80 1.75 +40.6
17312795−1631423 0.412 11.292 10.466 10.270 4250 1.45 −0.78 1.75 +70.9
17290285−1638344 0.383 11.365 10.605 10.362 4255 1.50 −0.73 2.00 −158.2
17303378−1703086 0.364 11.011 10.118 9.906 4010 1.05 −0.71 1.70 +4.6
17304223−1609274 0.378 11.242 10.382 10.177 4110 1.35 −0.64 1.65 +78.8
17304908−1633101 0.400 10.667 9.831 9.605 4140 1.35 −0.64 1.95 −25.7
17291459−1650085 0.394 10.864 9.974 9.778 4080 1.30 −0.62 1.80 +98.1
17300674−1638541 0.382 10.903 10.035 9.823 4080 1.30 −0.57 1.65 −40.1
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Table 2—Continued
Star ID E(B–V) J H KS Teff log(g) [Fe/H] Vt RV Helio.
2MASS (K) (cgs) (km s−1) (km s−1)
17315010−1653413 0.336 11.523 10.706 10.542 4245 1.60 −0.55 1.75 +37.4
17295493−1613273 0.375 11.251 10.391 10.179 4090 1.25 −0.54 1.50 −66.8
17311523−1618542 0.396 11.326 10.540 10.312 4245 1.60 −0.52 1.50 +183.9
17314811−1621558 0.425 10.998 10.134 9.927 4150 1.45 −0.52 1.85 −39.0
17304861−1646459 0.350 11.023 10.154 9.927 4010 1.25 −0.51 1.60 +73.5
17323959−1625298 0.439 11.178 10.363 10.114 4185 1.55 −0.50 1.65 −24.6
17285711−1633566 0.385 10.951 10.171 9.901 4150 1.45 −0.50 1.55 +24.5
17314673−1641228 0.382 10.655 9.813 9.553 4035 1.25 −0.48 1.90 +57.1
17294476−1626118 0.357 10.946 10.064 9.846 4010 1.30 −0.44 2.10 −139.1
17320650−1643389 0.394 10.740 9.880 9.620 4010 1.15 −0.39 1.65 +52.8
17314427−1640265 0.381 11.119 10.307 10.101 4215 1.65 −0.39 1.75 −96.9
17300064−1701075 0.360 11.003 10.168 9.900 4005 1.25 −0.38 1.50 −28.0
17302935−1652277 0.361 11.246 10.494 10.245 4230 1.60 −0.34 1.70 +17.7
17320652−1619563 0.421 11.036 10.162 9.950 4115 1.50 −0.30 1.35 +49.9
17304464−1631471 0.400 11.327 10.510 10.266 4145 1.60 −0.29 1.70 +76.1
17321715−1632467 0.399 10.671 9.835 9.616 4155 1.55 −0.28 1.70 −27.2
17321969−1653156 0.369 10.701 9.848 9.632 4090 1.45 −0.25 1.40 +100.2
17315690−1630315 0.412 11.076 10.212 9.989 4100 1.55 −0.20 1.60 +35.8
17312870−1619572 0.412 10.910 10.075 9.779 4010 1.40 −0.19 1.55 +17.7
17294541−1649018 0.422 10.704 9.821 9.582 4045 1.40 −0.19 1.50 −73.8
17305067−1644006 0.367 11.261 10.377 10.165 4030 1.45 −0.19 1.65 +21.8
17312457−1652524 0.327 11.331 10.548 10.324 4175 1.65 −0.18 1.55 +17.4
17292760−1636235 0.368 11.239 10.401 10.178 4105 1.60 −0.18 1.40 +95.9
17295978−1633590 0.361 11.161 10.316 10.077 4050 1.50 −0.17 1.55 −76.3
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Table 2—Continued
Star ID E(B–V) J H KS Teff log(g) [Fe/H] Vt RV Helio.
2MASS (K) (cgs) (km s−1) (km s−1)
17322323−1649335 0.401 11.385 10.553 10.343 4185 1.65 −0.15 1.75 +65.1
17321117−1654590 0.356 10.419 9.638 9.396 4175 1.65 −0.13 1.65 −5.7
17313606−1607539 0.384 11.481 10.727 10.466 4230 1.65 −0.11 1.75 +142.4
17295331−1653069 0.405 10.744 9.925 9.695 4175 1.65 −0.10 1.35 −125.7
17302818−1636032 0.388 10.680 9.901 9.638 4170 1.60 −0.07 1.40 +42.3
17293118−1638081 0.371 10.679 9.901 9.654 4190 1.70 −0.07 2.00 −29.2
17291994−1618302 0.391 10.640 9.807 9.526 4020 1.45 −0.07 1.95 +61.4
17320457−1646391 0.392 11.037 10.217 9.960 4100 1.60 −0.05 1.70 +42.3
17310747−1620049 0.401 11.032 10.233 9.989 4185 1.65 −0.04 1.50 +80.7
17323392−1636330 0.403 11.056 10.172 9.942 4035 1.55 −0.04 1.30 +133.3
17312572−1609092 0.388 10.768 10.001 9.755 4240 1.65 −0.03 1.65 +14.6
17300015−1609464 0.386 11.432 10.622 10.405 4205 1.65 +0.03 1.60 −53.4
17305894−1637056 0.395 10.582 9.716 9.467 4020 1.50 +0.10 1.30 −46.7
17291621−1647189 0.412 10.739 9.855 9.611 4015 1.50 +0.12 1.25 −52.3
17302194−1643531 0.388 10.522 9.638 9.427 4055 1.55 +0.14 1.30 +43.6
17311959−1643577 0.349 10.989 10.203 9.947 4125 1.65 +0.16 1.60 −25.5
17311229−1659047 0.350 11.011 10.168 9.919 4020 1.55 +0.20 1.20 −90.2
17313313−1659216 0.355 10.843 10.098 9.830 4195 1.80 +0.21 1.50 +45.0
17301749−1629529 0.376 10.588 9.819 9.543 4150 1.70 +0.23 1.50 +68.8
17294261−1622440 0.353 11.368 10.533 10.316 4105 1.65 +0.23 1.25 −101.0
17323625−1637551 0.402 10.360 9.557 9.336 4230 1.80 +0.26 1.45 +53.2
17314292−1620036 0.419 10.933 10.095 9.817 4050 1.60 +0.28 1.60 −37.6
17310955−1635152 0.397 10.717 9.870 9.612 4045 1.55 +0.32 1.40 +37.0
17304312−1630318 0.396 11.403 10.624 10.369 4200 1.75 +0.37 1.55 −31.3
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Table 2—Continued
Star ID E(B–V) J H KS Teff log(g) [Fe/H] Vt RV Helio.
2MASS (K) (cgs) (km s−1) (km s−1)
17285469−1627232 0.394 10.854 10.085 9.844 4255 1.90 +0.42 1.35 +15.8
17310360−1700146 0.355 10.861 10.086 9.798 4085 1.70 +0.43 1.50 −36.5
17295898−1652101 0.396 11.252 10.477 10.214 4190 1.80 +0.59 1.50 +73.1
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Table 3
Chemical Abundance Ratios
Star ID [Fe/H] [O/Fe] [Si/Fe] [Ca/Fe]
2MASS
(l,b)=(–5.5,–7)
18011989−3723462 −1.50 +0.67 +0.30 +0.26
18003452−3729217 −1.40 · · · +0.36 +0.30
18011692−3722508 −1.33 +0.58 +0.28 +0.42
18005584−3739103 −1.31 +0.81 · · · · · ·
18015010−3735279 −1.15 +0.94 +0.41 +0.38
18005916−3727585 −1.04 +0.79 +0.39 +0.46
18005234−3715478 −0.99 +0.59 +0.24 +0.41
18005027−3707505 −0.99 +0.81 +0.31 +0.12
18020106−3737561 −0.98 +0.62 +0.30 +0.49
17595541−3713447 −0.90 +0.72 · · · · · ·
17595664−3725304 −0.89 +0.61 +0.33 +0.24
18021345−3730371 −0.80 · · · +0.38 +0.43
17594241−3718247 −0.76 +0.61 +0.41 · · ·
18013342−3726339 −0.76 · · · +0.31 +0.26
18013580−3740055 −0.75 +0.51 +0.43 +0.40
18003204−3726008 −0.75 +0.88 +0.35 +0.44
18013799−3725131 −0.74 +0.80 +0.45 +0.37
18022149−3713494 −0.71 · · · +0.27 +0.09
18011408−3711299 −0.69 +0.69 +0.40 +0.21
18021275−3737543 −0.67 · · · · · · +0.43
17595027−3727293 −0.66 · · · +0.21 +0.30
18002115−3715519 −0.61 +0.63 +0.27 +0.30
17595366−3728186 −0.59 · · · +0.31 +0.27
18013960−3723398 −0.58 +0.38 +0.31 +0.34
18001354−3709122 −0.58 +0.53 +0.38 +0.40
18000535−3735315 −0.57 +0.40 +0.29 +0.25
18021862−3734204 −0.57 · · · · · · +0.17
18013848−3721442 −0.55 +0.60 +0.30 +0.30
18014343−3708232 −0.54 +0.31 +0.19 +0.22
18004824−3718074 −0.54 +0.34 +0.24 +0.26
17594792−3721422 −0.54 · · · +0.25 +0.21
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Table 3—Continued
Star ID [Fe/H] [O/Fe] [Si/Fe] [Ca/Fe]
2MASS
18011941−3721250 −0.54 · · · · · · +0.27
18005852−3711524 −0.53 +0.56 +0.45 +0.59
18020816−3714015 −0.53 +0.58 +0.29 +0.28
18010932−3702079 −0.49 +0.39 +0.10 +0.19
18010065−3740456 −0.49 +0.74 +0.41 +0.29
17595640−3710383 −0.43 +0.31 +0.26 +0.38
18012462−3738382 −0.43 +0.63 +0.26 +0.32
18024484−3714159 −0.42 +0.27 +0.08 +0.28
18002880−3710171 −0.42 +0.32 +0.27 +0.34
18013206−3708133 −0.41 · · · · · · · · ·
18004074−3740058 −0.36 +0.13 +0.08 +0.34
18015431−3717070 −0.34 +0.37 +0.17 +0.16
18000013−3715053 −0.34 +0.44 +0.19 +0.17
18021006−3738193 −0.32 +0.39 +0.03 +0.42
17595442−3721118 −0.29 +0.29 +0.25 +0.19
18021721−3736096 −0.25 +0.22 −0.08 +0.11
18005096−3733499 −0.25 +0.70 +0.38 · · ·
18013395−3705551 −0.24 +0.29 +0.29 +0.36
18011851−3706092 −0.24 +0.34 +0.24 +0.29
18005923−3707111 −0.24 · · · +0.19 +0.05
18022648−3728188 −0.20 +0.15 +0.04 +0.09
18024919−3727234 −0.16 +0.21 +0.07 +0.12
18023660−3716289 −0.14 +0.29 +0.27 −0.04
18005395−3731231 −0.13 −0.27 +0.04 +0.16
17595509−3711099 −0.13 · · · −0.20 +0.13
18010322−3705447 −0.10 +0.00 +0.04 +0.03
18014769−3739220 −0.10 +0.10 · · · · · ·
17594807−3715283 −0.09 +0.14 −0.11 +0.32
18013618−3706311 −0.07 +0.25 +0.16 +0.01
18003751−3728200 −0.03 +0.03 −0.01 +0.09
18004314−3730156 −0.03 · · · −0.06 −0.01
18014303−3740054 −0.03 · · · +0.03 +0.08
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Star ID [Fe/H] [O/Fe] [Si/Fe] [Ca/Fe]
2MASS
18011170−3727118 −0.01 · · · −0.19 −0.32
18023846−3718345 −0.01 · · · −0.24 +0.21
18011671−3722213 +0.00 +0.10 −0.09 · · ·
18005985−3734507 +0.02 · · · · · · · · ·
18000430−3711051 +0.06 +0.38 +0.13 +0.14
18003552−3729476 +0.06 · · · −0.04 +0.00
18001817−3732243 +0.08 · · · −0.08 +0.33
18013039−3713086 +0.09 −0.09 −0.03 −0.21
18012564−3741052 +0.10 +0.10 −0.16 +0.09
18025713−3718318 +0.10 · · · −0.16 +0.12
18011599−3741385 +0.11 +0.14 +0.23 −0.02
18012944−3719488 +0.12 · · · −0.12 −0.03
18020361−3719086 +0.15 −0.20 +0.13 +0.00
18000412−3717266 +0.17 −0.32 −0.16 +0.14
18024024−3728187 +0.17 −0.12 −0.06 −0.20
18011177−3703344 +0.19 −0.09 −0.33 +0.09
18001410−3725181 +0.19 −0.09 −0.23 +0.11
18020300−3719418 +0.21 −0.09 −0.20 +0.06
18004683−3703252 +0.22 +0.08 −0.17 +0.15
18015404−3722564 +0.22 +0.38 −0.20 +0.04
18013974−3704068 +0.27 −0.05 −0.25 −0.02
18020704−3708064 +0.27 −0.02 −0.24 −0.02
18023393−3730273 +0.33 · · · · · · · · ·
18001720−3708374 +0.42 −0.32 −0.52 −0.14
18003663−3708547 +0.42 · · · −0.32 +0.01
18002569−3729578 +0.50 −0.25 −0.57 −0.03
17594881−3716203 +0.59 +0.01 −0.37 +0.01
18011201−3740090 +0.66 −0.26 −0.41 −0.23
(l,b)=(–4,–9)
18122552−3653049 −1.40 +0.74 +0.15 +0.35
18120653−3654264 −1.38 · · · +0.28 +0.40
18110179−3630394 −1.38 +0.53 +0.28 +0.43
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Table 3—Continued
Star ID [Fe/H] [O/Fe] [Si/Fe] [Ca/Fe]
2MASS
18124892−3626403 −1.33 +0.71 +0.28 +0.43
18135164−3643463 −1.30 +0.70 +0.38 +0.34
18124339−3635339 −1.28 +0.75 +0.33 +0.44
18113921−3652069 −1.26 · · · +0.56 +0.22
18111325−3646007 −1.21 +0.61 +0.36 +0.51
18113833−3626322 −1.18 +0.83 +0.57 +0.47
18111018−3639350 −1.16 +0.48 +0.29 +0.33
18135243−3630481 −1.15 +0.50 +0.42 +0.22
18121150−3627559 −1.10 +0.65 +0.29 +0.22
18111963−3647245 −1.06 +0.44 +0.38 +0.54
18140023−3635461 −1.05 +0.70 +0.82 +0.22
18135881−3639345 −0.99 +0.54 +0.31 +0.35
18121436−3654551 −0.93 +0.71 +0.76 +0.40
18124228−3655079 −0.92 +0.74 +0.62 +0.33
18122530−3637366 −0.89 +0.56 +0.54 +0.29
18131370−3651584 −0.88 · · · +0.53 +0.32
18134668−3623541 −0.88 · · · · · · +0.28
18105081−3642137 −0.87 +0.57 +0.32 +0.57
18124219−3631172 −0.87 +0.57 +0.52 +0.41
18133688−3647054 −0.86 · · · · · · · · ·
18123142−3639294 −0.80 +0.75 +0.50 +0.47
18133038−3632229 −0.80 · · · +0.25 · · ·
18133292−3624179 −0.78 +0.58 · · · · · ·
18111681−3636318 −0.77 +0.53 +0.34 +0.25
18105004−3640063 −0.76 +0.46 +0.26 · · ·
18112334−3634194 −0.74 +0.49 +0.36 +0.51
18131027−3632343 −0.73 +0.54 +0.39 +0.38
18110293−3628041 −0.72 +0.65 +0.71 +0.32
18132040−3623075 −0.71 +0.74 +0.38 +0.43
18135588−3629188 −0.71 +0.88 +0.29 +0.20
18105075−3635061 −0.70 +0.55 +0.38 +0.33
18104188−3634541 −0.68 +0.73 +0.28 +0.14
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Star ID [Fe/H] [O/Fe] [Si/Fe] [Ca/Fe]
2MASS
18132998−3628578 −0.68 +0.72 +0.33 +0.19
18130544−3616563 −0.66 · · · +0.50 +0.48
18115908−3654510 −0.64 +0.49 +0.48 +0.30
18121077−3639094 −0.63 +0.53 +0.38 +0.11
18120614−3629571 −0.58 +0.23 +0.38 +0.18
18120213−3641599 −0.55 · · · +0.47 +0.26
18123350−3654398 −0.54 · · · +0.70 +0.42
18120973−3654184 −0.53 +0.78 +0.78 +0.17
18105641−3632359 −0.52 +0.32 +0.52 +0.38
18125106−3654091 −0.51 +0.26 +0.21 +0.21
18111581−3648469 −0.51 +0.28 +0.40 +0.36
18131387−3630130 −0.51 · · · +0.25 +0.24
18123592−3634476 −0.50 +0.52 +0.28 +0.17
18135736−3638266 −0.49 +0.24 +0.24 +0.39
18133233−3626133 −0.49 +0.48 +0.21 +0.19
18125003−3630269 −0.49 +0.29 +0.49 +0.16
18130723−3618385 −0.45 +0.55 +0.42 +0.40
18125800−3616427 −0.44 +0.34 +0.13 +0.45
18111323−3637030 −0.44 +0.04 +0.13 +0.29
18130427−3630012 −0.44 +0.09 +0.34 +0.14
18124614−3617326 −0.43 · · · +0.45 +0.07
18120399−3615387 −0.43 +0.28 +0.12 +0.21
18123475−3624478 −0.43 +0.53 +0.33 +0.31
18115661−3617533 −0.41 +0.11 +0.32 +0.55
18113299−3623341 −0.40 +0.31 +0.32 +0.41
18111553−3628156 −0.37 +0.62 +0.35 +0.31
18125907−3644275 −0.37 +0.07 +0.25 +0.03
18111726−3620302 −0.34 +0.26 · · · +0.22
18111579−3625114 −0.34 +0.43 +0.29 +0.54
18131305−3650449 −0.33 · · · +0.34 +0.25
18123152−3636498 −0.33 +0.28 +0.35 +0.37
18125914−3619208 −0.30 +0.27 +0.21 +0.30
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Table 3—Continued
Star ID [Fe/H] [O/Fe] [Si/Fe] [Ca/Fe]
2MASS
18115073−3650493 −0.29 · · · +0.33 +0.20
18114648−3625169 −0.28 · · · +0.41 +0.18
18113751−3629139 −0.28 · · · +0.41 +0.38
18122243−3637539 −0.24 +0.30 +0.13 +0.30
18133366−3644575 −0.23 +0.25 +0.28 · · ·
18134702−3641477 −0.23 +0.33 +0.41 +0.28
18125228−3618294 −0.21 −0.14 +0.11 +0.31
18110942−3647198 −0.21 · · · +0.06 −0.08
18104824−3638507 −0.19 +0.09 +0.09 +0.22
18122301−3629462 −0.19 +0.13 +0.11 +0.14
18133332−3645578 −0.18 +0.28 +0.30 +0.23
18123434−3652241 −0.18 +0.39 +0.24 +0.10
18112311−3625456 −0.17 −0.01 +0.12 +0.26
18125463−3649277 −0.14 +0.54 +0.20 +0.16
18123925−3620465 −0.14 · · · +0.02 +0.18
18110629−3632146 −0.13 −0.07 +0.05 +0.07
18133687−3639590 −0.11 +0.21 +0.19 +0.39
18111505−3620576 −0.09 −0.06 +0.01 +0.33
18120832−3628243 −0.09 +0.15 +0.24 +0.28
18130815−3631460 −0.09 +0.14 +0.17 +0.27
18120407−3636481 −0.09 +0.29 +0.06 +0.14
18135786−3640300 −0.05 −0.10 −0.05 +0.12
18131228−3619138 −0.04 −0.21 +0.05 +0.22
18113372−3650200 −0.04 −0.11 · · · +0.03
18115904−3650428 −0.01 · · · +0.06 +0.00
18115448−3641161 −0.01 +0.05 +0.04 −0.04
18123678−3649019 +0.02 +0.33 −0.12 +0.20
18113965−3645408 +0.05 · · · −0.40 −0.07
18135362−3636538 +0.06 · · · −0.04 +0.31
18123168−3631555 +0.09 +0.01 −0.24 +0.09
18115398−3623290 +0.09 +0.51 −0.09 +0.14
18123393−3615508 +0.11 · · · +0.00 +0.16
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Table 3—Continued
Star ID [Fe/H] [O/Fe] [Si/Fe] [Ca/Fe]
2MASS
18120689−3643231 +0.11 −0.31 −0.01 −0.07
18130482−3649019 +0.13 +0.11 −0.13 · · ·
18110352−3646275 +0.14 +0.01 −0.07 −0.05
18105013−3629557 +0.17 −0.22 −0.12 +0.21
18121897−3630243 +0.22 · · · +0.08 +0.14
18122029−3652333 +0.26 · · · −0.09 +0.12
(l,b)=(+8.5,+9)
17311256−1702018 −1.26 +0.76 +0.31 +0.34
17290874−1632431 −1.23 +0.70 +0.31 +0.30
17302885−1639588 −1.17 +0.57 +0.46 +0.36
17304789−1623192 −1.14 +0.64 +0.36 +0.44
17321080−1641479 −1.09 +0.77 +0.27 +0.27
17303589−1638299 −0.97 +0.66 +0.42 +0.44
17290513−1630383 −0.96 +0.84 +0.57 +0.40
17314699−1654460 −0.93 +0.73 +0.24 +0.33
17305076−1615216 −0.81 +0.66 +0.46 +0.37
17323324−1627474 −0.80 +0.38 +0.54 · · ·
17312795−1631423 −0.78 +0.56 +0.33 +0.15
17290285−1638344 −0.73 +0.60 +0.37 +0.21
17303378−1703086 −0.71 +0.51 +0.38 +0.27
17304223−1609274 −0.64 +0.59 +0.39 +0.15
17304908−1633101 −0.64 · · · +0.31 +0.14
17291459−1650085 −0.62 +0.55 +0.27 +0.00
17300674−1638541 −0.57 · · · +0.40 +0.31
17315010−1653413 −0.55 +0.59 +0.46 +0.37
17295493−1613273 −0.54 · · · +0.54 +0.22
17311523−1618542 −0.52 · · · +0.46 · · ·
17314811−1621558 −0.52 +0.21 +0.33 +0.00
17304861−1646459 −0.51 +0.56 +0.31 +0.11
17323959−1625298 −0.50 · · · +0.43 +0.22
17285711−1633566 −0.50 +0.50 +0.33 +0.16
17314673−1641228 −0.48 +0.46 +0.28 +0.35
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Table 3—Continued
Star ID [Fe/H] [O/Fe] [Si/Fe] [Ca/Fe]
2MASS
17294476−1626118 −0.44 +0.39 +0.25 +0.27
17320650−1643389 −0.39 +0.19 +0.11 +0.09
17314427−1640265 −0.39 +0.46 +0.30 +0.19
17300064−1701075 −0.38 · · · +0.08 −0.01
17302935−1652277 −0.34 −0.31 +0.12 −0.11
17320652−1619563 −0.30 +0.27 +0.33 +0.45
17304464−1631471 −0.29 +0.69 +0.25 +0.24
17321715−1632467 −0.28 · · · +0.30 −0.04
17321969−1653156 −0.25 +0.55 +0.13 +0.14
17315690−1630315 −0.20 +0.22 +0.35 +0.18
17312870−1619572 −0.19 +0.30 +0.14 +0.03
17294541−1649018 −0.19 +0.29 +0.01 +0.07
17305067−1644006 −0.19 +0.23 +0.00 −0.10
17312457−1652524 −0.18 +0.48 +0.29 +0.20
17292760−1636235 −0.18 +0.68 −0.03 +0.12
17295978−1633590 −0.17 · · · +0.04 −0.09
17322323−1649335 −0.15 +0.32 +0.20 +0.02
17321117−1654590 −0.13 +0.08 +0.12 +0.25
17313606−1607539 −0.11 +0.41 +0.27 −0.07
17295331−1653069 −0.10 +0.52 +0.20 +0.20
17302818−1636032 −0.07 +0.32 +0.05 +0.10
17293118−1638081 −0.07 · · · −0.01 +0.00
17291994−1618302 −0.07 +0.29 +0.01 −0.29
17320457−1646391 −0.05 +0.17 +0.02 +0.08
17310747−1620049 −0.04 +0.44 +0.09 +0.26
17323392−1636330 −0.04 −0.05 · · · +0.11
17312572−1609092 −0.03 −0.04 +0.09 +0.19
17300015−1609464 +0.03 · · · −0.13 +0.11
17305894−1637056 +0.10 +0.29 −0.30 −0.09
17291621−1647189 +0.12 +0.18 −0.12 −0.27
17302194−1643531 +0.14 +0.26 −0.29 −0.12
17311959−1643577 +0.16 · · · −0.23 −0.06
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Table 3—Continued
Star ID [Fe/H] [O/Fe] [Si/Fe] [Ca/Fe]
2MASS
17311229−1659047 +0.20 · · · −0.30 −0.13
17313313−1659216 +0.21 +0.17 −0.18 −0.04
17301749−1629529 +0.23 −0.08 −0.26 −0.07
17294261−1622440 +0.23 · · · −0.38 −0.23
17323625−1637551 +0.26 −0.33 −0.28 +0.07
17314292−1620036 +0.28 · · · −0.32 −0.22
17310955−1635152 +0.32 −0.27 −0.12 −0.11
17304312−1630318 +0.37 · · · −0.32 +0.09
17285469−1627232 +0.42 +0.05 −0.30 −0.03
17310360−1700146 +0.43 · · · −0.18 +0.07
17295898−1652101 +0.59 −0.17 −0.44 −0.11
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Table 4
Line list
Element Wavelength E.P. log gf Arcturus [Fe/H] or [X/Fe]
(A˚) (eV)
Fe I 6056.00 4.73 −0.40 −0.50
Fe I 6062.85 2.18 −4.00 −0.50
Fe I 6065.48 2.61 −1.56 −0.50
Fe I 6078.49 4.80 −0.46 −0.50
Fe I 6079.01 4.65 −1.13 −0.50
Fe I 6093.64 4.61 −1.47 −0.50
Fe I 6094.37 4.65 −1.70 −0.50
Fe I 6096.66 3.98 −1.96 −0.50
Fe I 6098.24 4.56 −1.80 −0.50
Fe I 6102.17 4.83 −0.30 −0.50
Fe I 6105.13 4.55 −1.97 −0.50
Fe I 6120.25 0.92 −5.94 −0.50
Fe I 6127.91 4.14 −1.49 −0.50
Fe I 6151.62 2.18 −3.27 −0.50
Fe I 6156.81 4.96 −2.24 −0.50
Fe I 6165.36 4.14 −1.64 −0.50
Fe I 6173.34 2.22 −2.87 −0.50
Fe I 6187.40 2.83 −4.14 −0.50
Fe I 6187.99 3.94 −1.62 −0.50
Fe I 6200.31 2.61 −2.33 −0.50
Fe I 6207.23 4.99 −1.80 −0.50
Fe I 6226.74 3.88 −2.10 −0.50
Fe I 6232.64 3.65 −1.11 −0.50
Fe I 6240.65 2.22 −3.34 −0.50
Fe I 6246.32 3.60 −0.77 −0.50
Fe I 6252.56 2.40 −1.63 −0.50
Fe I 6270.23 2.86 −2.57 −0.50
Fe I 6290.54 2.59 −4.39 −0.50
Fe I 6297.79 2.22 −2.67 −0.50
Fe I 6301.50 3.65 −0.67 −0.50
Fe I 6302.49 3.69 −1.12 −0.50
Fe I 6307.85 3.64 −3.27 −0.50
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Table 4—Continued
Element Wavelength E.P. log gf Arcturus [Fe/H] or [X/Fe]
(A˚) (eV)
Fe I 6315.81 4.08 −1.57 −0.50
Fe I 6322.69 2.59 −2.26 −0.50
Fe I 6330.85 4.73 −1.16 −0.50
Fe I 6574.25 0.99 −4.76 −0.50
Fe I 6591.33 4.59 −1.96 −0.50
Fe I 6593.88 2.43 −2.15 −0.50
Fe I 6597.56 4.80 −1.03 −0.50
Fe I 6627.56 4.55 −1.40 −0.50
Fe I 6633.75 4.56 −0.89 −0.50
Fe I 6646.97 2.61 −3.80 −0.50
Fe I 6648.12 1.01 −5.67 −0.50
Fe I 6653.91 4.15 −2.25 −0.50
Fe I 6667.42 2.45 −4.43 −0.50
Fe I 6678.00 2.69 −1.17 −0.50
Fe I 6692.27 4.08 −3.15 −0.50
Fe I 6703.58 2.76 −2.88 −0.50
Fe I 6704.48 4.22 −2.60 −0.50
Fe I 6710.32 1.48 −4.80 −0.50
Fe I 6713.74 4.80 −1.53 −0.50
Fe I 6725.36 4.10 −2.20 −0.50
Fe I 6726.67 4.61 −1.07 −0.50
Fe I 6730.29 4.91 −2.24 −0.50
Fe I 6733.15 4.64 −1.58 −0.50
Fe I 6739.52 1.56 −5.03 −0.50
Fe I 6745.96 4.08 −2.85 −0.50
Fe I 6746.95 2.61 −4.43 −0.50
Fe I 6750.16 2.42 −2.57 −0.50
Fe I 6793.27 4.07 −2.33 −0.50
Fe I 6810.26 4.61 −1.10 −0.50
O I 6300.31 0.00 −10.00 +0.48
Si I 6145.01 5.62 −1.50 +0.35
Si I 6155.13 5.62 −0.97 +0.35
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Table 4—Continued
Element Wavelength E.P. log gf Arcturus [Fe/H] or [X/Fe]
(A˚) (eV)
Ca I 6156.01 2.52 −2.61 +0.21
Ca I 6166.44 2.52 −1.24 +0.21
Ca I 6169.04 2.52 −0.90 +0.21
Ca I 6169.56 2.52 −0.67 +0.21
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Table 5a
Abundance Uncertainty: Iron
Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
(l,b)=(–5.5,–7)
18011989−3723462 +0.10 +0.02 +0.01 −0.06 0.03 0.12
18003452−3729217 +0.10 +0.01 +0.00 −0.04 0.03 0.11
18011692−3722508 +0.10 +0.03 +0.02 −0.06 0.04 0.13
18005584−3739103 +0.08 +0.03 +0.03 −0.06 0.03 0.11
18015010−3735279 +0.08 +0.04 +0.03 −0.07 0.03 0.12
18005916−3727585 +0.08 +0.03 +0.03 −0.07 0.03 0.12
18005027−3707505 +0.08 +0.03 +0.02 −0.06 0.04 0.11
18005234−3715478 +0.07 +0.05 +0.04 −0.09 0.03 0.13
18020106−3737561 +0.07 +0.05 +0.04 −0.08 0.04 0.13
17595541−3713447 +0.07 +0.03 +0.03 −0.08 0.04 0.12
17595664−3725304 +0.07 +0.03 +0.03 −0.09 0.03 0.13
18021345−3730371 +0.03 +0.07 +0.05 −0.09 0.04 0.13
17594241−3718247 +0.05 +0.05 +0.04 −0.08 0.04 0.12
18013342−3726339 +0.06 +0.04 +0.04 −0.08 0.03 0.12
18003204−3726008 +0.02 +0.06 +0.06 −0.11 0.03 0.14
18013580−3740055 +0.02 +0.07 +0.06 −0.10 0.04 0.14
18013799−3725131 +0.02 +0.07 +0.06 −0.10 0.03 0.14
18022149−3713494 +0.03 +0.07 +0.06 −0.10 0.03 0.14
18011408−3711299 +0.06 +0.04 +0.04 −0.09 0.03 0.13
18021275−3737543 +0.06 +0.05 +0.04 −0.10 0.04 0.14
17595027−3727293 +0.02 +0.06 +0.06 −0.10 0.05 0.14
18002115−3715519 +0.01 +0.07 +0.08 −0.11 0.03 0.16
17595366−3728186 +0.06 +0.05 +0.05 −0.09 0.04 0.14
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Table 5a—Continued
Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18001354−3709122 +0.01 +0.09 +0.08 −0.11 0.03 0.17
18013960−3723398 +0.01 +0.09 +0.08 −0.12 0.03 0.17
18021862−3734204 +0.01 +0.08 +0.08 −0.11 0.05 0.17
18000535−3735315 +0.01 +0.08 +0.08 −0.12 0.03 0.17
18013848−3721442 +0.02 +0.08 +0.08 −0.11 0.04 0.16
17594792−3721422 +0.04 +0.04 +0.06 −0.11 0.03 0.14
18011941−3721250 +0.01 +0.09 +0.08 −0.10 0.04 0.16
18004824−3718074 +0.00 +0.08 +0.09 −0.12 0.04 0.17
18014343−3708232 +0.01 +0.09 +0.08 −0.12 0.03 0.17
18005852−3711524 +0.06 +0.05 +0.04 −0.10 0.03 0.14
18020816−3714015 +0.05 +0.05 +0.05 −0.10 0.04 0.14
18010932−3702079 +0.00 +0.09 +0.09 −0.11 0.04 0.17
18010065−3740456 +0.00 +0.09 +0.09 −0.12 0.04 0.18
17595640−3710383 +0.03 +0.04 +0.06 −0.12 0.02 0.14
18012462−3738382 +0.05 +0.06 +0.05 −0.10 0.04 0.14
18002880−3710171 +0.06 +0.05 +0.04 −0.09 0.03 0.13
18024484−3714159 +0.06 +0.05 +0.04 −0.11 0.03 0.14
18013206−3708133 +0.06 +0.05 +0.04 −0.11 0.05 0.15
18004074−3740058 +0.03 +0.05 +0.05 −0.11 0.03 0.14
18000013−3715053 +0.02 +0.06 +0.06 −0.12 0.03 0.15
18015431−3717070 +0.04 +0.06 +0.05 −0.12 0.05 0.16
18021006−3738193 +0.06 +0.05 +0.04 −0.10 0.03 0.14
17595442−3721118 +0.01 +0.07 +0.05 −0.12 0.03 0.15
18021721−3736096 +0.05 +0.06 +0.04 −0.10 0.05 0.14
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Table 5a—Continued
Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18005096−3733499 +0.01 +0.05 +0.06 −0.13 0.03 0.15
18005923−3707111 −0.01 +0.06 +0.06 −0.13 0.04 0.16
18011851−3706092 +0.00 +0.07 +0.06 −0.12 0.03 0.15
18013395−3705551 −0.01 +0.08 +0.06 −0.13 0.03 0.17
18022648−3728188 +0.04 +0.07 +0.05 −0.11 0.02 0.15
18024919−3727234 +0.05 +0.07 +0.05 −0.11 0.05 0.16
18023660−3716289 +0.04 +0.06 +0.05 −0.11 0.03 0.14
17595509−3711099 +0.02 +0.06 +0.06 −0.12 0.03 0.15
18005395−3731231 −0.01 +0.08 +0.06 −0.12 0.04 0.16
18010322−3705447 +0.05 +0.06 +0.05 −0.11 0.03 0.15
18014769−3739220 +0.05 +0.06 +0.05 −0.13 0.04 0.16
17594807−3715283 +0.04 +0.07 +0.06 −0.13 0.04 0.17
18013618−3706311 +0.00 +0.05 +0.07 −0.14 0.04 0.17
18004314−3730156 +0.03 +0.07 +0.07 −0.13 0.05 0.17
18014303−3740054 +0.01 +0.06 +0.07 −0.13 0.03 0.16
18003751−3728200 −0.02 +0.09 +0.08 −0.15 0.03 0.20
18011170−3727118 +0.06 +0.05 +0.05 −0.12 0.04 0.16
18023846−3718345 +0.01 +0.07 +0.08 −0.12 0.04 0.17
18011671−3722213 +0.05 +0.05 +0.06 −0.13 0.04 0.16
18005985−3734507 −0.01 +0.06 +0.09 −0.14 0.03 0.18
18000430−3711051 +0.00 +0.06 +0.08 −0.14 0.02 0.17
18003552−3729476 +0.01 +0.07 +0.08 −0.13 0.04 0.17
18001817−3732243 +0.03 +0.07 +0.07 −0.14 0.03 0.18
18013039−3713086 −0.01 +0.08 +0.08 −0.13 0.04 0.18
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Table 5a—Continued
Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18012564−3741052 +0.01 +0.08 +0.08 −0.13 0.05 0.18
18025713−3718318 −0.01 +0.08 +0.08 −0.14 0.05 0.19
18011599−3741385 +0.00 +0.07 +0.08 −0.14 0.04 0.18
18012944−3719488 +0.05 +0.06 +0.06 −0.12 0.03 0.16
18020361−3719086 +0.02 +0.08 +0.07 −0.13 0.04 0.17
18024024−3728187 −0.02 +0.07 +0.08 −0.14 0.06 0.19
18000412−3717266 −0.02 +0.06 +0.08 −0.14 0.04 0.18
18011177−3703344 +0.00 +0.07 +0.08 −0.15 0.03 0.19
18001410−3725181 −0.03 +0.07 +0.08 −0.15 0.03 0.19
18020300−3719418 −0.02 +0.06 +0.07 −0.16 0.04 0.19
18004683−3703252 −0.03 +0.08 +0.07 −0.15 0.06 0.20
18015404−3722564 +0.00 +0.07 +0.06 −0.15 0.04 0.18
18013974−3704068 +0.00 +0.07 +0.08 −0.15 0.03 0.19
18020704−3708064 +0.03 +0.08 +0.06 −0.15 0.04 0.19
18023393−3730273 +0.03 +0.08 +0.06 −0.14 0.06 0.18
18001720−3708374 −0.03 +0.06 +0.09 −0.16 0.03 0.20
18003663−3708547 −0.01 +0.08 +0.08 −0.16 0.04 0.20
18002569−3729578 +0.02 +0.09 +0.07 −0.16 0.03 0.20
17594881−3716203 −0.01 +0.09 +0.08 −0.17 0.04 0.21
18011201−3740090 +0.02 +0.08 +0.07 −0.17 0.05 0.21
(l,b)=(–4,–9)
18122552−3653049 +0.10 +0.01 +0.00 −0.06 0.05 0.13
18120653−3654264 +0.10 +0.01 +0.00 −0.06 0.02 0.12
18110179−3630394 +0.10 +0.01 +0.01 −0.05 0.04 0.12
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18124892−3626403 +0.09 +0.01 +0.01 −0.05 0.04 0.11
18135164−3643463 +0.10 +0.02 +0.02 −0.05 0.05 0.13
18124339−3635339 +0.10 +0.02 +0.02 −0.06 0.03 0.12
18113921−3652069 +0.08 +0.04 +0.03 −0.06 0.04 0.12
18111325−3646007 +0.09 +0.02 +0.03 −0.07 0.04 0.13
18113833−3626322 +0.06 +0.05 +0.05 −0.07 0.03 0.12
18111018−3639350 +0.07 +0.04 +0.04 −0.08 0.03 0.12
18135243−3630481 +0.09 +0.02 +0.02 −0.06 0.03 0.12
18121150−3627559 +0.08 +0.04 +0.04 −0.08 0.03 0.13
18111963−3647245 +0.07 +0.05 +0.04 −0.08 0.04 0.13
18140023−3635461 +0.06 +0.05 +0.04 −0.08 0.03 0.12
18135881−3639345 +0.06 +0.05 +0.04 −0.08 0.04 0.13
18121436−3654551 +0.05 +0.07 +0.05 −0.09 0.03 0.14
18124228−3655079 +0.04 +0.06 +0.06 −0.08 0.02 0.12
18122530−3637366 +0.04 +0.07 +0.05 −0.09 0.03 0.13
18131370−3651584 +0.06 +0.05 +0.04 −0.10 0.04 0.14
18134668−3623541 +0.05 +0.05 +0.05 −0.08 0.03 0.12
18105081−3642137 +0.07 +0.03 +0.03 −0.09 0.03 0.13
18124219−3631172 +0.05 +0.06 +0.05 −0.09 0.04 0.14
18133688−3647054 +0.07 +0.03 +0.03 −0.08 0.03 0.12
18123142−3639294 +0.02 +0.08 +0.05 −0.09 0.04 0.14
18133038−3632229 +0.07 +0.03 +0.02 −0.07 0.03 0.11
18133292−3624179 +0.08 +0.03 +0.02 −0.07 0.04 0.12
18111681−3636318 +0.02 +0.06 +0.06 −0.11 0.02 0.14
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18105004−3640063 +0.07 +0.04 +0.04 −0.08 0.04 0.13
18112334−3634194 +0.06 +0.04 +0.04 −0.09 0.03 0.13
18131027−3632343 +0.04 +0.06 +0.05 −0.10 0.03 0.14
18110293−3628041 +0.03 +0.07 +0.06 −0.09 0.03 0.14
18132040−3623075 +0.05 +0.04 +0.05 −0.09 0.03 0.12
18135588−3629188 +0.06 +0.05 +0.05 −0.08 0.02 0.12
18105075−3635061 +0.02 +0.07 +0.06 −0.11 0.04 0.15
18104188−3634541 +0.07 +0.04 +0.03 −0.08 0.04 0.12
18132998−3628578 +0.02 +0.08 +0.07 −0.10 0.03 0.15
18130544−3616563 +0.02 +0.07 +0.06 −0.10 0.03 0.14
18115908−3654510 +0.02 +0.08 +0.07 −0.12 0.03 0.16
18121077−3639094 +0.03 +0.06 +0.06 −0.10 0.03 0.14
18120614−3629571 +0.05 +0.04 +0.06 −0.11 0.03 0.14
18120213−3641599 +0.06 +0.04 +0.04 −0.10 0.03 0.13
18123350−3654398 +0.01 +0.08 +0.08 −0.11 0.05 0.17
18120973−3654184 +0.00 +0.09 +0.09 −0.10 0.04 0.17
18105641−3632359 +0.04 +0.04 +0.06 −0.11 0.03 0.14
18125106−3654091 +0.06 +0.04 +0.04 −0.11 0.04 0.14
18111581−3648469 +0.00 +0.08 +0.09 −0.12 0.03 0.17
18131387−3630130 +0.02 +0.08 +0.08 −0.11 0.05 0.17
18123592−3634476 +0.00 +0.09 +0.09 −0.10 0.03 0.16
18135736−3638266 +0.02 +0.07 +0.08 −0.12 0.03 0.16
18133233−3626133 +0.00 +0.09 +0.09 −0.11 0.04 0.17
18125003−3630269 +0.04 +0.05 +0.06 −0.10 0.03 0.14
77
Table 5a—Continued
Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18130723−3618385 +0.05 +0.05 +0.05 −0.11 0.03 0.14
18125800−3616427 +0.07 +0.04 +0.03 −0.10 0.03 0.14
18111323−3637030 +0.05 +0.05 +0.05 −0.12 0.03 0.15
18130427−3630012 +0.06 +0.05 +0.04 −0.11 0.03 0.14
18124614−3617326 +0.02 +0.07 +0.07 −0.11 0.03 0.15
18120399−3615387 +0.01 +0.07 +0.07 −0.13 0.03 0.17
18123475−3624478 +0.04 +0.06 +0.05 −0.10 0.05 0.14
18115661−3617533 +0.06 +0.05 +0.04 −0.10 0.04 0.14
18113299−3623341 +0.01 +0.06 +0.07 −0.12 0.02 0.15
18111553−3628156 +0.01 +0.08 +0.07 −0.12 0.03 0.16
18125907−3644275 +0.06 +0.05 +0.04 −0.09 0.04 0.13
18111726−3620302 +0.03 +0.06 +0.05 −0.10 0.04 0.14
18111579−3625114 −0.01 +0.09 +0.06 −0.13 0.03 0.17
18131305−3650449 +0.04 +0.06 +0.05 −0.12 0.03 0.15
18123152−3636498 −0.01 +0.08 +0.06 −0.13 0.03 0.17
18125914−3619208 +0.04 +0.06 +0.04 −0.12 0.02 0.15
18115073−3650493 +0.03 +0.06 +0.05 −0.10 0.04 0.14
18114648−3625169 +0.06 +0.05 +0.04 −0.11 0.04 0.15
18113751−3629139 −0.01 +0.08 +0.06 −0.13 0.03 0.17
18122243−3637539 +0.02 +0.06 +0.05 −0.12 0.03 0.15
18133366−3644575 +0.06 +0.05 +0.04 −0.11 0.03 0.14
18134702−3641477 +0.06 +0.05 +0.04 −0.11 0.03 0.14
18125228−3618294 +0.05 +0.06 +0.04 −0.12 0.04 0.15
18110942−3647198 +0.06 +0.06 +0.04 −0.11 0.04 0.15
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18104824−3638507 −0.01 +0.08 +0.06 −0.14 0.03 0.17
18122301−3629462 −0.02 +0.08 +0.06 −0.13 0.03 0.17
18133332−3645578 −0.02 +0.08 +0.06 −0.12 0.04 0.16
18123434−3652241 +0.02 +0.06 +0.06 −0.12 0.03 0.15
18112311−3625456 +0.04 +0.07 +0.05 −0.11 0.03 0.15
18125463−3649277 +0.02 +0.06 +0.06 −0.12 0.03 0.15
18123925−3620465 −0.01 +0.07 +0.06 −0.14 0.03 0.17
18110629−3632146 +0.01 +0.05 +0.06 −0.13 0.03 0.15
18133687−3639590 +0.05 +0.06 +0.05 −0.11 0.04 0.15
18111505−3620576 +0.05 +0.06 +0.05 −0.13 0.03 0.16
18120832−3628243 +0.01 +0.06 +0.06 −0.13 0.03 0.16
18130815−3631460 −0.02 +0.09 +0.07 −0.15 0.04 0.19
18120407−3636481 −0.01 +0.07 +0.07 −0.14 0.03 0.17
18135786−3640300 +0.01 +0.08 +0.07 −0.15 0.04 0.19
18131228−3619138 +0.02 +0.06 +0.07 −0.13 0.03 0.16
18113372−3650200 +0.00 +0.07 +0.08 −0.14 0.03 0.18
18115904−3650428 −0.01 +0.07 +0.08 −0.15 0.03 0.19
18115448−3641161 +0.02 +0.07 +0.07 −0.13 0.04 0.17
18123678−3649019 +0.03 +0.06 +0.07 −0.14 0.03 0.17
18113965−3645408 +0.00 +0.07 +0.08 −0.15 0.04 0.19
18135362−3636538 +0.03 +0.09 +0.07 −0.13 0.03 0.18
18123168−3631555 +0.05 +0.06 +0.06 −0.13 0.04 0.17
18115398−3623290 −0.02 +0.07 +0.09 −0.13 0.03 0.18
18123393−3615508 +0.04 +0.06 +0.06 −0.13 0.03 0.16
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18120689−3643231 +0.03 +0.08 +0.07 −0.13 0.03 0.17
18130482−3649019 −0.02 +0.06 +0.08 −0.13 0.05 0.17
18110352−3646275 −0.02 +0.08 +0.08 −0.15 0.03 0.19
18105013−3629557 +0.01 +0.07 +0.08 −0.15 0.02 0.19
18121897−3630243 +0.04 +0.06 +0.05 −0.14 0.03 0.17
18122029−3652333 +0.02 +0.08 +0.06 −0.15 0.04 0.19
(l,b)=(+8.5,+9)
17311256−1702018 +0.07 +0.05 +0.04 −0.08 0.04 0.13
17290874−1632431 +0.05 +0.06 +0.05 −0.08 0.03 0.13
17302885−1639588 +0.05 +0.05 +0.05 −0.08 0.04 0.12
17304789−1623192 +0.06 +0.04 +0.05 −0.08 0.04 0.13
17321080−1641479 +0.02 +0.07 +0.08 −0.09 0.04 0.15
17303589−1638299 +0.04 +0.05 +0.06 −0.10 0.02 0.13
17290513−1630383 +0.02 +0.07 +0.07 −0.08 0.05 0.14
17314699−1654460 +0.04 +0.06 +0.06 −0.09 0.04 0.14
17305076−1615216 +0.03 +0.06 +0.05 −0.10 0.04 0.14
17323324−1627474 +0.00 +0.09 +0.06 −0.11 0.07 0.17
17312795−1631423 +0.03 +0.08 +0.05 −0.10 0.04 0.15
17290285−1638344 +0.03 +0.08 +0.05 −0.09 0.05 0.14
17303378−1703086 +0.00 +0.09 +0.07 −0.11 0.05 0.17
17304223−1609274 +0.00 +0.08 +0.08 −0.11 0.04 0.16
17304908−1633101 +0.01 +0.07 +0.07 −0.10 0.04 0.15
17291459−1650085 +0.00 +0.07 +0.08 −0.11 0.04 0.16
17300674−1638541 +0.00 +0.07 +0.08 −0.11 0.04 0.16
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
17315010−1653413 +0.02 +0.07 +0.08 −0.10 0.04 0.15
17295493−1613273 +0.00 +0.06 +0.09 −0.12 0.04 0.17
17311523−1618542 +0.02 +0.07 +0.08 −0.11 0.05 0.16
17314811−1621558 +0.01 +0.09 +0.09 −0.11 0.04 0.17
17304861−1646459 −0.01 +0.07 +0.10 −0.12 0.04 0.18
17323959−1625298 +0.01 +0.08 +0.09 −0.11 0.04 0.17
17285711−1633566 +0.01 +0.09 +0.09 −0.12 0.03 0.18
17314673−1641228 −0.01 +0.07 +0.09 −0.11 0.06 0.17
17294476−1626118 −0.01 +0.08 +0.09 −0.10 0.07 0.17
17320650−1643389 −0.02 +0.07 +0.07 −0.13 0.05 0.17
17314427−1640265 +0.01 +0.07 +0.07 −0.11 0.04 0.15
17300064−1701075 −0.02 +0.07 +0.07 −0.13 0.06 0.18
17302935−1652277 +0.01 +0.07 +0.06 −0.12 0.05 0.16
17320652−1619563 −0.01 +0.10 +0.06 −0.13 0.05 0.18
17304464−1631471 −0.01 +0.09 +0.06 −0.11 0.04 0.16
17321715−1632467 −0.01 +0.09 +0.06 −0.12 0.04 0.17
17321969−1653156 −0.01 +0.10 +0.06 −0.13 0.05 0.18
17315690−1630315 −0.02 +0.10 +0.06 −0.13 0.03 0.18
17312870−1619572 −0.03 +0.10 +0.06 −0.13 0.03 0.18
17294541−1649018 −0.02 +0.09 +0.06 −0.14 0.05 0.18
17305067−1644006 −0.02 +0.10 +0.06 −0.13 0.04 0.18
17312457−1652524 −0.01 +0.07 +0.06 −0.13 0.04 0.16
17292760−1636235 −0.01 +0.09 +0.07 −0.13 0.05 0.18
17295978−1633590 −0.02 +0.11 +0.06 −0.13 0.04 0.19
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
17322323−1649335 −0.01 +0.07 +0.06 −0.12 0.04 0.16
17321117−1654590 −0.01 +0.07 +0.06 −0.13 0.03 0.16
17313606−1607539 +0.00 +0.07 +0.06 −0.13 0.04 0.16
17295331−1653069 −0.01 +0.07 +0.07 −0.14 0.04 0.18
17302818−1636032 −0.01 +0.08 +0.07 −0.14 0.03 0.18
17293118−1638081 −0.01 +0.06 +0.07 −0.12 0.04 0.16
17291994−1618302 −0.02 +0.11 +0.08 −0.12 0.06 0.19
17320457−1646391 −0.02 +0.09 +0.08 −0.13 0.04 0.18
17310747−1620049 −0.01 +0.07 +0.08 −0.14 0.03 0.18
17323392−1636330 −0.03 +0.10 +0.08 −0.15 0.04 0.20
17312572−1609092 +0.00 +0.07 +0.08 −0.14 0.04 0.18
17300015−1609464 −0.01 +0.07 +0.08 −0.14 0.07 0.19
17305894−1637056 −0.03 +0.12 +0.09 −0.15 0.05 0.22
17291621−1647189 −0.03 +0.12 +0.09 −0.16 0.03 0.22
17302194−1643531 −0.03 +0.10 +0.09 −0.15 0.06 0.21
17311959−1643577 −0.02 +0.08 +0.08 −0.15 0.04 0.19
17311229−1659047 −0.03 +0.10 +0.07 −0.16 0.05 0.21
17313313−1659216 −0.02 +0.08 +0.07 −0.15 0.04 0.19
17301749−1629529 −0.02 +0.06 +0.07 −0.15 0.04 0.18
17294261−1622440 −0.03 +0.07 +0.07 −0.16 0.05 0.20
17323625−1637551 −0.02 +0.07 +0.08 −0.16 0.03 0.20
17314292−1620036 −0.03 +0.09 +0.09 −0.15 0.06 0.21
17310955−1635152 −0.04 +0.10 +0.09 −0.17 0.05 0.23
17304312−1630318 −0.02 +0.07 +0.08 −0.16 0.03 0.20
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
17285469−1627232 −0.01 +0.09 +0.08 −0.16 0.03 0.20
17310360−1700146 −0.03 +0.07 +0.09 −0.16 0.04 0.20
17295898−1652101 −0.02 +0.08 +0.09 −0.17 0.02 0.21
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Table 5b
Abundance Uncertainty: Oxygen
Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
(l,b)=(–5.5,–7)
18011989−3723462 +0.01 +0.12 +0.11 −0.01 0.05 0.17
18003452−3729217 · · · · · · · · · · · · · · · · · ·
18011692−3722508 +0.02 +0.13 +0.11 −0.01 0.05 0.18
18005584−3739103 +0.01 +0.12 +0.11 −0.02 0.05 0.17
18015010−3735279 +0.01 +0.14 +0.11 −0.03 0.05 0.19
18005916−3727585 +0.02 +0.12 +0.12 −0.02 0.05 0.18
18005027−3707505 +0.01 +0.13 +0.11 −0.02 0.05 0.18
18005234−3715478 +0.02 +0.13 +0.12 −0.02 0.05 0.19
18020106−3737561 +0.02 +0.13 +0.12 −0.02 0.05 0.19
17595541−3713447 +0.02 +0.12 +0.11 −0.02 0.05 0.17
17595664−3725304 +0.01 +0.13 +0.11 −0.01 0.05 0.18
18021345−3730371 · · · · · · · · · · · · · · · · · ·
17594241−3718247 +0.01 +0.13 +0.11 −0.02 0.05 0.18
18013342−3726339 · · · · · · · · · · · · · · · · · ·
18003204−3726008 +0.02 +0.12 +0.10 −0.06 0.05 0.18
18013580−3740055 +0.02 +0.13 +0.11 −0.02 0.05 0.18
18013799−3725131 +0.02 +0.13 +0.10 −0.05 0.05 0.18
18022149−3713494 · · · · · · · · · · · · · · · · · ·
18011408−3711299 +0.01 +0.14 +0.11 −0.02 0.05 0.19
18021275−3737543 · · · · · · · · · · · · · · · · · ·
17595027−3727293 · · · · · · · · · · · · · · · · · ·
18002115−3715519 +0.02 +0.12 +0.12 −0.04 0.05 0.18
17595366−3728186 · · · · · · · · · · · · · · · · · ·
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18001354−3709122 +0.02 +0.14 +0.12 −0.03 0.05 0.19
18013960−3723398 +0.02 +0.14 +0.12 −0.02 0.05 0.19
18021862−3734204 · · · · · · · · · · · · · · · · · ·
18000535−3735315 +0.02 +0.13 +0.12 −0.03 0.05 0.19
18013848−3721442 +0.02 +0.13 +0.12 −0.04 0.05 0.19
17594792−3721422 · · · · · · · · · · · · · · · · · ·
18011941−3721250 · · · · · · · · · · · · · · · · · ·
18004824−3718074 +0.02 +0.13 +0.12 −0.02 0.05 0.19
18014343−3708232 +0.02 +0.14 +0.12 −0.02 0.05 0.19
18005852−3711524 +0.01 +0.14 +0.12 −0.02 0.05 0.19
18020816−3714015 +0.02 +0.13 +0.12 −0.02 0.05 0.19
18010932−3702079 +0.02 +0.13 +0.13 −0.02 0.05 0.19
18010065−3740456 +0.02 +0.14 +0.13 −0.05 0.05 0.20
17595640−3710383 +0.02 +0.12 +0.12 −0.02 0.05 0.18
18012462−3738382 +0.02 +0.13 +0.11 −0.03 0.05 0.18
18002880−3710171 +0.01 +0.14 +0.12 −0.01 0.05 0.19
18024484−3714159 +0.01 +0.14 +0.12 −0.01 0.05 0.19
18013206−3708133 · · · · · · · · · · · · · · · · · ·
18004074−3740058 +0.02 +0.12 +0.11 −0.01 0.05 0.17
18000013−3715053 +0.02 +0.12 +0.11 −0.02 0.05 0.17
18015431−3717070 +0.02 +0.13 +0.11 −0.02 0.05 0.18
18021006−3738193 +0.01 +0.14 +0.12 −0.01 0.05 0.19
17595442−3721118 +0.02 +0.12 +0.11 −0.02 0.05 0.17
18021721−3736096 +0.01 +0.14 +0.12 −0.01 0.05 0.19
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18005096−3733499 +0.02 +0.11 +0.10 −0.05 0.05 0.17
18005923−3707111 · · · · · · · · · · · · · · · · · ·
18011851−3706092 +0.02 +0.12 +0.11 −0.03 0.05 0.17
18013395−3705551 +0.02 +0.13 +0.11 −0.02 0.05 0.18
18022648−3728188 +0.01 +0.14 +0.12 −0.01 0.05 0.19
18024919−3727234 +0.01 +0.14 +0.12 −0.01 0.05 0.19
18023660−3716289 +0.01 +0.14 +0.12 −0.02 0.05 0.19
17595509−3711099 · · · · · · · · · · · · · · · · · ·
18005395−3731231 +0.02 +0.12 +0.12 −0.01 0.05 0.18
18010322−3705447 +0.01 +0.13 +0.13 −0.01 0.05 0.19
18014769−3739220 +0.02 +0.14 +0.12 −0.01 0.05 0.19
17594807−3715283 +0.01 +0.14 +0.12 −0.01 0.05 0.19
18013618−3706311 +0.02 +0.11 +0.12 −0.02 0.05 0.17
18004314−3730156 · · · · · · · · · · · · · · · · · ·
18014303−3740054 · · · · · · · · · · · · · · · · · ·
18003751−3728200 +0.02 +0.13 +0.13 −0.02 0.05 0.19
18011170−3727118 · · · · · · · · · · · · · · · · · ·
18023846−3718345 · · · · · · · · · · · · · · · · · ·
18011671−3722213 +0.01 +0.14 +0.13 −0.01 0.05 0.20
18005985−3734507 · · · · · · · · · · · · · · · · · ·
18000430−3711051 +0.02 +0.11 +0.12 −0.04 0.05 0.18
18003552−3729476 · · · · · · · · · · · · · · · · · ·
18001817−3732243 · · · · · · · · · · · · · · · · · ·
18013039−3713086 +0.02 +0.12 +0.13 −0.01 0.05 0.19
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18012564−3741052 +0.02 +0.13 +0.13 −0.02 0.05 0.19
18025713−3718318 · · · · · · · · · · · · · · · · · ·
18011599−3741385 +0.02 +0.12 +0.13 −0.02 0.05 0.19
18012944−3719488 · · · · · · · · · · · · · · · · · ·
18020361−3719086 +0.02 +0.14 +0.13 −0.01 0.05 0.20
18024024−3728187 +0.02 +0.12 +0.13 −0.01 0.05 0.19
18000412−3717266 +0.02 +0.12 +0.13 −0.01 0.05 0.19
18011177−3703344 +0.02 +0.12 +0.13 −0.01 0.05 0.19
18001410−3725181 +0.02 +0.12 +0.13 −0.02 0.05 0.19
18020300−3719418 +0.02 +0.12 +0.12 −0.02 0.05 0.18
18004683−3703252 +0.02 +0.12 +0.12 −0.03 0.05 0.18
18015404−3722564 +0.02 +0.12 +0.12 −0.04 0.05 0.18
18013974−3704068 +0.02 +0.13 +0.12 −0.02 0.05 0.19
18020704−3708064 +0.02 +0.14 +0.13 −0.01 0.05 0.20
18023393−3730273 · · · · · · · · · · · · · · · · · ·
18001720−3708374 +0.02 +0.12 +0.13 −0.01 0.05 0.19
18003663−3708547 · · · · · · · · · · · · · · · · · ·
18002569−3729578 +0.02 +0.14 +0.13 −0.01 0.05 0.20
17594881−3716203 +0.01 +0.13 +0.13 −0.04 0.05 0.19
18011201−3740090 +0.02 +0.14 +0.13 −0.01 0.05 0.20
(l,b)=(–4,–9)
18122552−3653049 +0.02 +0.13 +0.10 −0.01 0.05 0.17
18120653−3654264 · · · · · · · · · · · · · · · · · ·
18110179−3630394 +0.02 +0.12 +0.11 −0.01 0.05 0.17
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18124892−3626403 +0.01 +0.12 +0.10 −0.01 0.05 0.16
18135164−3643463 +0.02 +0.12 +0.11 −0.01 0.05 0.17
18124339−3635339 +0.02 +0.12 +0.11 −0.01 0.05 0.17
18113921−3652069 · · · · · · · · · · · · · · · · · ·
18111325−3646007 +0.02 +0.13 +0.12 −0.01 0.05 0.19
18113833−3626322 +0.03 +0.12 +0.12 −0.03 0.05 0.18
18111018−3639350 +0.02 +0.13 +0.12 −0.01 0.05 0.19
18135243−3630481 +0.01 +0.13 +0.12 −0.01 0.05 0.18
18121150−3627559 +0.02 +0.13 +0.12 −0.02 0.05 0.19
18111963−3647245 +0.02 +0.14 +0.12 −0.01 0.05 0.19
18140023−3635461 +0.02 +0.14 +0.12 −0.02 0.05 0.19
18135881−3639345 +0.02 +0.14 +0.12 −0.02 0.05 0.19
18121436−3654551 +0.02 +0.14 +0.11 −0.03 0.05 0.19
18124228−3655079 +0.02 +0.13 +0.11 −0.04 0.05 0.18
18122530−3637366 +0.02 +0.14 +0.11 −0.02 0.05 0.19
18131370−3651584 · · · · · · · · · · · · · · · · · ·
18134668−3623541 · · · · · · · · · · · · · · · · · ·
18105081−3642137 +0.02 +0.13 +0.11 −0.01 0.05 0.18
18124219−3631172 +0.02 +0.13 +0.11 −0.02 0.05 0.18
18133688−3647054 · · · · · · · · · · · · · · · · · ·
18123142−3639294 +0.02 +0.14 +0.10 −0.03 0.05 0.18
18133038−3632229 · · · · · · · · · · · · · · · · · ·
18133292−3624179 +0.01 +0.14 +0.11 −0.01 0.05 0.19
18111681−3636318 +0.02 +0.11 +0.10 −0.03 0.05 0.16
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Table 5b—Continued
Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18105004−3640063 +0.02 +0.12 +0.11 −0.01 0.05 0.17
18112334−3634194 +0.02 +0.13 +0.12 −0.02 0.05 0.19
18131027−3632343 +0.02 +0.13 +0.11 −0.02 0.05 0.18
18110293−3628041 +0.02 +0.13 +0.11 −0.04 0.05 0.18
18132040−3623075 +0.01 +0.11 +0.11 −0.03 0.05 0.17
18135588−3629188 +0.02 +0.12 +0.11 −0.03 0.05 0.17
18105075−3635061 +0.02 +0.13 +0.11 −0.03 0.05 0.18
18104188−3634541 +0.01 +0.14 +0.11 −0.02 0.05 0.19
18132998−3628578 +0.02 +0.13 +0.11 −0.04 0.05 0.18
18130544−3616563 · · · · · · · · · · · · · · · · · ·
18115908−3654510 +0.02 +0.14 +0.11 −0.02 0.05 0.19
18121077−3639094 +0.02 +0.12 +0.12 −0.02 0.05 0.18
18120614−3629571 +0.01 +0.12 +0.12 −0.01 0.05 0.18
18120213−3641599 · · · · · · · · · · · · · · · · · ·
18123350−3654398 · · · · · · · · · · · · · · · · · ·
18120973−3654184 +0.02 +0.13 +0.12 −0.05 0.05 0.19
18105641−3632359 +0.02 +0.12 +0.12 −0.01 0.05 0.18
18125106−3654091 +0.01 +0.13 +0.12 −0.01 0.05 0.18
18111581−3648469 +0.02 +0.13 +0.12 −0.02 0.05 0.19
18131387−3630130 · · · · · · · · · · · · · · · · · ·
18123592−3634476 +0.03 +0.13 +0.13 −0.02 0.05 0.19
18135736−3638266 +0.02 +0.12 +0.12 −0.02 0.05 0.18
18133233−3626133 +0.02 +0.13 +0.13 −0.03 0.05 0.19
18125003−3630269 +0.02 +0.12 +0.12 −0.01 0.05 0.18
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Table 5b—Continued
Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18130723−3618385 +0.02 +0.13 +0.12 −0.02 0.05 0.19
18125800−3616427 +0.02 +0.14 +0.12 −0.01 0.05 0.19
18111323−3637030 +0.01 +0.13 +0.12 −0.01 0.05 0.18
18130427−3630012 +0.01 +0.14 +0.12 −0.01 0.05 0.19
18124614−3617326 · · · · · · · · · · · · · · · · · ·
18120399−3615387 +0.02 +0.12 +0.12 −0.02 0.05 0.18
18123475−3624478 +0.02 +0.13 +0.12 −0.02 0.05 0.19
18115661−3617533 +0.01 +0.14 +0.12 −0.01 0.05 0.19
18113299−3623341 +0.02 +0.12 +0.11 −0.02 0.05 0.17
18111553−3628156 +0.02 +0.13 +0.11 −0.04 0.05 0.18
18125907−3644275 +0.01 +0.13 +0.12 −0.01 0.05 0.18
18111726−3620302 +0.02 +0.13 +0.11 −0.01 0.05 0.18
18111579−3625114 +0.02 +0.13 +0.11 −0.04 0.05 0.18
18131305−3650449 · · · · · · · · · · · · · · · · · ·
18123152−3636498 +0.02 +0.12 +0.11 −0.02 0.05 0.17
18125914−3619208 +0.01 +0.14 +0.11 −0.01 0.05 0.19
18115073−3650493 · · · · · · · · · · · · · · · · · ·
18114648−3625169 · · · · · · · · · · · · · · · · · ·
18113751−3629139 · · · · · · · · · · · · · · · · · ·
18122243−3637539 +0.02 +0.12 +0.11 −0.02 0.05 0.17
18133366−3644575 +0.01 +0.14 +0.12 −0.01 0.05 0.19
18134702−3641477 +0.01 +0.14 +0.12 −0.02 0.05 0.19
18125228−3618294 +0.01 +0.14 +0.12 +0.00 0.05 0.19
18110942−3647198 · · · · · · · · · · · · · · · · · ·
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18104824−3638507 +0.02 +0.13 +0.12 −0.02 0.05 0.19
18122301−3629462 +0.02 +0.13 +0.12 −0.02 0.05 0.19
18133332−3645578 +0.02 +0.13 +0.11 −0.03 0.05 0.18
18123434−3652241 +0.02 +0.12 +0.11 −0.03 0.05 0.17
18112311−3625456 +0.01 +0.14 +0.12 −0.01 0.05 0.19
18125463−3649277 +0.02 +0.12 +0.11 −0.04 0.05 0.18
18123925−3620465 · · · · · · · · · · · · · · · · · ·
18110629−3632146 +0.02 +0.12 +0.12 −0.01 0.05 0.18
18133687−3639590 +0.01 +0.14 +0.12 −0.01 0.05 0.19
18111505−3620576 +0.01 +0.14 +0.13 −0.01 0.05 0.20
18120832−3628243 +0.02 +0.12 +0.12 −0.02 0.05 0.18
18130815−3631460 +0.02 +0.13 +0.12 −0.02 0.05 0.19
18120407−3636481 +0.01 +0.12 +0.11 −0.03 0.05 0.17
18135786−3640300 +0.02 +0.14 +0.12 −0.01 0.05 0.19
18131228−3619138 +0.02 +0.13 +0.13 −0.01 0.05 0.19
18113372−3650200 +0.02 +0.12 +0.12 −0.02 0.05 0.18
18115904−3650428 · · · · · · · · · · · · · · · · · ·
18115448−3641161 +0.02 +0.13 +0.13 −0.01 0.05 0.19
18123678−3649019 +0.02 +0.13 +0.12 −0.03 0.05 0.19
18113965−3645408 · · · · · · · · · · · · · · · · · ·
18135362−3636538 · · · · · · · · · · · · · · · · · ·
18123168−3631555 +0.01 +0.13 +0.13 −0.01 0.05 0.19
18115398−3623290 +0.01 +0.12 +0.13 −0.05 0.05 0.19
18123393−3615508 · · · · · · · · · · · · · · · · · ·
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Table 5b—Continued
Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18120689−3643231 +0.02 +0.14 +0.13 −0.01 0.05 0.20
18130482−3649019 +0.02 +0.12 +0.13 −0.02 0.05 0.19
18110352−3646275 +0.02 +0.13 +0.13 −0.02 0.05 0.19
18105013−3629557 +0.02 +0.13 +0.13 −0.01 0.05 0.19
18121897−3630243 · · · · · · · · · · · · · · · · · ·
18122029−3652333 · · · · · · · · · · · · · · · · · ·
(l,b)=(+8.5,+9)
17311256−1702018 +0.02 +0.12 +0.11 −0.03 0.05 0.17
17290874−1632431 +0.01 +0.13 +0.11 −0.03 0.05 0.18
17302885−1639588 +0.02 +0.12 +0.12 −0.02 0.05 0.18
17304789−1623192 +0.02 +0.11 +0.12 −0.02 0.05 0.17
17321080−1641479 +0.02 +0.12 +0.12 −0.04 0.05 0.18
17303589−1638299 +0.03 +0.12 +0.12 −0.03 0.05 0.18
17290513−1630383 +0.03 +0.12 +0.12 −0.04 0.05 0.18
17314699−1654460 +0.02 +0.13 +0.11 −0.04 0.05 0.18
17305076−1615216 +0.02 +0.12 +0.10 −0.04 0.05 0.17
17323324−1627474 +0.02 +0.13 +0.11 −0.03 0.05 0.18
17312795−1631423 +0.02 +0.14 +0.11 −0.02 0.05 0.19
17290285−1638344 +0.02 +0.14 +0.11 −0.02 0.05 0.19
17303378−1703086 +0.03 +0.13 +0.11 −0.04 0.05 0.18
17304223−1609274 +0.02 +0.13 +0.12 −0.04 0.05 0.19
17304908−1633101 · · · · · · · · · · · · · · · · · ·
17291459−1650085 +0.03 +0.12 +0.12 −0.03 0.05 0.18
17300674−1638541 · · · · · · · · · · · · · · · · · ·
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
17315010−1653413 +0.02 +0.12 +0.12 −0.03 0.05 0.18
17295493−1613273 · · · · · · · · · · · · · · · · · ·
17311523−1618542 · · · · · · · · · · · · · · · · · ·
17314811−1621558 +0.02 +0.13 +0.12 −0.02 0.05 0.19
17304861−1646459 +0.03 +0.11 +0.14 −0.04 0.05 0.19
17323959−1625298 · · · · · · · · · · · · · · · · · ·
17285711−1633566 +0.03 +0.13 +0.13 −0.03 0.05 0.20
17314673−1641228 +0.03 +0.11 +0.13 −0.03 0.05 0.18
17294476−1626118 +0.02 +0.12 +0.13 −0.03 0.05 0.19
17320650−1643389 +0.02 +0.12 +0.12 −0.03 0.05 0.18
17314427−1640265 +0.02 +0.12 +0.11 −0.03 0.05 0.17
17300064−1701075 · · · · · · · · · · · · · · · · · ·
17302935−1652277 +0.02 +0.12 +0.12 −0.01 0.05 0.18
17320652−1619563 +0.02 +0.14 +0.11 −0.02 0.05 0.19
17304464−1631471 +0.02 +0.13 +0.10 −0.05 0.05 0.18
17321715−1632467 · · · · · · · · · · · · · · · · · ·
17321969−1653156 +0.02 +0.14 +0.10 −0.05 0.05 0.19
17315690−1630315 +0.02 +0.13 +0.12 −0.02 0.05 0.19
17312870−1619572 +0.02 +0.13 +0.12 −0.03 0.05 0.19
17294541−1649018 +0.02 +0.13 +0.11 −0.04 0.05 0.18
17305067−1644006 +0.02 +0.14 +0.12 −0.03 0.05 0.19
17312457−1652524 +0.02 +0.12 +0.11 −0.04 0.05 0.18
17292760−1636235 +0.02 +0.13 +0.11 −0.06 0.05 0.19
17295978−1633590 · · · · · · · · · · · · · · · · · ·
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
17322323−1649335 +0.02 +0.12 +0.11 −0.03 0.05 0.17
17321117−1654590 +0.02 +0.12 +0.12 −0.02 0.05 0.18
17313606−1607539 +0.02 +0.12 +0.11 −0.03 0.05 0.17
17295331−1653069 +0.02 +0.12 +0.11 −0.04 0.05 0.18
17302818−1636032 +0.02 +0.13 +0.11 −0.03 0.05 0.18
17293118−1638081 · · · · · · · · · · · · · · · · · ·
17291994−1618302 +0.02 +0.14 +0.12 −0.03 0.05 0.19
17320457−1646391 +0.02 +0.13 +0.12 −0.02 0.05 0.19
17310747−1620049 +0.02 +0.12 +0.12 −0.04 0.05 0.18
17323392−1636330 +0.02 +0.13 +0.13 −0.02 0.05 0.19
17312572−1609092 +0.02 +0.12 +0.13 −0.01 0.05 0.19
17300015−1609464 · · · · · · · · · · · · · · · · · ·
17305894−1637056 +0.01 +0.15 +0.13 −0.05 0.05 0.21
17291621−1647189 +0.02 +0.15 +0.13 −0.04 0.05 0.21
17302194−1643531 +0.01 +0.14 +0.12 −0.04 0.05 0.20
17311959−1643577 · · · · · · · · · · · · · · · · · ·
17311229−1659047 · · · · · · · · · · · · · · · · · ·
17313313−1659216 +0.02 +0.12 +0.12 −0.03 0.05 0.18
17301749−1629529 +0.02 +0.12 +0.12 −0.02 0.05 0.18
17294261−1622440 · · · · · · · · · · · · · · · · · ·
17323625−1637551 +0.02 +0.12 +0.13 −0.01 0.05 0.19
17314292−1620036 · · · · · · · · · · · · · · · · · ·
17310955−1635152 +0.02 +0.13 +0.13 −0.02 0.05 0.19
17304312−1630318 · · · · · · · · · · · · · · · · · ·
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
17285469−1627232 +0.02 +0.13 +0.13 −0.02 0.05 0.19
17310360−1700146 · · · · · · · · · · · · · · · · · ·
17295898−1652101 +0.01 +0.13 +0.13 −0.02 0.05 0.19
95
Table 5c
Abundance Uncertainty: Silicon
Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
(l,b)=(–5.5,–7)
18011989−3723462 −0.02 +0.03 +0.04 −0.01 0.05 0.07
18003452−3729217 +0.00 +0.04 +0.03 −0.01 0.05 0.07
18011692−3722508 +0.00 +0.06 +0.04 −0.01 0.05 0.09
18005584−3739103 · · · · · · · · · · · · · · · · · ·
18015010−3735279 −0.03 +0.08 +0.05 −0.02 0.12 0.16
18005916−3727585 −0.02 +0.04 +0.06 −0.02 0.05 0.09
18005027−3707505 −0.02 +0.06 +0.05 −0.02 0.03 0.09
18005234−3715478 −0.05 +0.07 +0.06 −0.02 0.05 0.12
18020106−3737561 −0.05 +0.08 +0.06 −0.02 0.05 0.12
17595541−3713447 · · · · · · · · · · · · · · · · · ·
17595664−3725304 −0.03 +0.06 +0.05 −0.03 0.05 0.10
18021345−3730371 −0.08 +0.09 +0.04 −0.03 0.03 0.13
17594241−3718247 −0.06 +0.07 +0.05 −0.03 0.05 0.12
18013342−3726339 −0.04 +0.05 +0.05 −0.03 0.05 0.10
18003204−3726008 −0.09 +0.07 +0.05 −0.03 0.00 0.13
18013580−3740055 −0.09 +0.09 +0.05 −0.03 0.06 0.15
18013799−3725131 −0.09 +0.09 +0.05 −0.04 0.02 0.14
18022149−3713494 −0.08 +0.10 +0.05 −0.03 0.05 0.15
18011408−3711299 −0.04 +0.08 +0.06 −0.04 0.01 0.12
18021275−3737543 · · · · · · · · · · · · · · · · · ·
17595027−3727293 −0.07 +0.08 +0.06 −0.03 0.05 0.14
18002115−3715519 −0.10 +0.08 +0.07 −0.03 0.04 0.15
17595366−3728186 −0.04 +0.07 +0.07 −0.04 0.05 0.12
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18001354−3709122 −0.09 +0.13 +0.08 −0.04 0.05 0.19
18013960−3723398 −0.09 +0.12 +0.07 −0.04 0.08 0.19
18021862−3734204 · · · · · · · · · · · · · · · · · ·
18000535−3735315 −0.09 +0.10 +0.07 −0.04 0.02 0.16
18013848−3721442 −0.08 +0.11 +0.08 −0.03 0.05 0.17
17594792−3721422 −0.07 +0.05 +0.07 −0.04 0.01 0.12
18011941−3721250 · · · · · · · · · · · · · · · · · ·
18004824−3718074 −0.10 +0.10 +0.08 −0.03 0.05 0.17
18014343−3708232 −0.09 +0.12 +0.08 −0.03 0.10 0.20
18005852−3711524 −0.04 +0.08 +0.07 −0.05 0.02 0.13
18020816−3714015 −0.04 +0.07 +0.07 −0.04 0.14 0.18
18010932−3702079 −0.09 +0.12 +0.08 −0.03 0.19 0.26
18010065−3740456 −0.09 +0.12 +0.09 −0.04 0.05 0.19
17595640−3710383 −0.08 +0.05 +0.06 −0.04 0.05 0.13
18012462−3738382 −0.05 +0.08 +0.07 −0.04 0.05 0.13
18002880−3710171 −0.04 +0.09 +0.05 −0.04 0.05 0.13
18024484−3714159 −0.04 +0.09 +0.05 −0.03 0.05 0.12
18013206−3708133 · · · · · · · · · · · · · · · · · ·
18004074−3740058 −0.07 +0.06 +0.05 −0.03 0.05 0.12
18000013−3715053 −0.08 +0.07 +0.04 −0.04 0.02 0.12
18015431−3717070 −0.06 +0.09 +0.05 −0.04 0.13 0.18
18021006−3738193 −0.04 +0.08 +0.05 −0.03 0.08 0.13
17595442−3721118 −0.09 +0.09 +0.03 −0.05 0.14 0.20
18021721−3736096 −0.04 +0.10 +0.05 −0.03 0.05 0.13
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18005096−3733499 −0.09 +0.05 +0.04 −0.05 0.05 0.13
18005923−3707111 −0.10 +0.07 +0.03 −0.04 0.09 0.16
18011851−3706092 −0.10 +0.07 +0.03 −0.04 0.00 0.13
18013395−3705551 −0.10 +0.09 +0.03 −0.05 0.02 0.15
18022648−3728188 −0.05 +0.10 +0.05 −0.04 0.26 0.29
18024919−3727234 −0.05 +0.10 +0.05 −0.04 0.14 0.19
18023660−3716289 −0.05 +0.10 +0.05 −0.06 0.05 0.15
17595509−3711099 −0.07 +0.08 +0.05 −0.03 0.05 0.13
18005395−3731231 −0.10 +0.10 +0.03 −0.04 0.06 0.16
18010322−3705447 −0.05 +0.09 +0.05 −0.04 0.05 0.13
18014769−3739220 · · · · · · · · · · · · · · · · · ·
17594807−3715283 −0.05 +0.11 +0.05 −0.04 0.05 0.15
18013618−3706311 −0.09 +0.05 +0.05 −0.05 0.04 0.13
18004314−3730156 −0.05 +0.11 +0.07 −0.04 0.02 0.15
18014303−3740054 −0.08 +0.07 +0.06 −0.04 0.05 0.14
18003751−3728200 −0.10 +0.12 +0.06 −0.04 0.02 0.17
18011170−3727118 −0.03 +0.08 +0.06 −0.03 0.05 0.12
18023846−3718345 −0.08 +0.09 +0.07 −0.03 0.05 0.15
18011671−3722213 −0.04 +0.08 +0.07 −0.04 0.05 0.13
18005985−3734507 · · · · · · · · · · · · · · · · · ·
18000430−3711051 −0.09 +0.06 +0.07 −0.05 0.08 0.16
18003552−3729476 −0.08 +0.08 +0.07 −0.04 0.00 0.14
18001817−3732243 −0.06 +0.10 +0.07 −0.05 0.05 0.15
18013039−3713086 −0.09 +0.09 +0.07 −0.04 0.01 0.15
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18012564−3741052 −0.08 +0.10 +0.07 −0.04 0.09 0.18
18025713−3718318 −0.09 +0.10 +0.06 −0.04 0.06 0.16
18011599−3741385 −0.09 +0.08 +0.07 −0.06 0.06 0.16
18012944−3719488 −0.04 +0.09 +0.06 −0.04 0.05 0.13
18020361−3719086 −0.07 +0.11 +0.07 −0.06 0.05 0.17
18024024−3728187 −0.10 +0.07 +0.06 −0.04 0.04 0.15
18000412−3717266 −0.10 +0.06 +0.05 −0.04 0.02 0.13
18011177−3703344 −0.08 +0.09 +0.06 −0.03 0.14 0.20
18001410−3725181 −0.10 +0.08 +0.05 −0.04 0.11 0.18
18020300−3719418 −0.10 +0.06 +0.04 −0.04 0.12 0.18
18004683−3703252 −0.10 +0.09 +0.04 −0.04 0.15 0.21
18015404−3722564 −0.08 +0.08 +0.04 −0.03 0.02 0.13
18013974−3704068 −0.08 +0.09 +0.06 −0.04 0.08 0.16
18020704−3708064 −0.05 +0.11 +0.06 −0.04 0.05 0.15
18023393−3730273 · · · · · · · · · · · · · · · · · ·
18001720−3708374 −0.10 +0.07 +0.06 −0.03 0.05 0.15
18003663−3708547 −0.08 +0.10 +0.06 −0.04 0.00 0.15
18002569−3729578 −0.06 +0.13 +0.06 −0.04 0.05 0.17
17594881−3716203 −0.09 +0.12 +0.06 −0.04 0.02 0.17
18011201−3740090 −0.06 +0.13 +0.06 −0.06 0.05 0.17
(l,b)=(–4,–9)
18122552−3653049 +0.01 +0.04 +0.03 −0.01 0.05 0.07
18120653−3654264 +0.00 +0.03 +0.03 −0.01 0.05 0.07
18110179−3630394 +0.00 +0.04 +0.04 −0.01 0.05 0.08
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Table 5c—Continued
Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18124892−3626403 −0.01 +0.04 +0.03 −0.01 0.05 0.07
18135164−3643463 −0.01 +0.04 +0.04 −0.01 0.02 0.06
18124339−3635339 −0.01 +0.05 +0.04 −0.02 0.05 0.08
18113921−3652069 −0.04 +0.07 +0.05 −0.02 0.05 0.11
18111325−3646007 −0.01 +0.05 +0.05 −0.02 0.15 0.17
18113833−3626322 −0.05 +0.07 +0.07 −0.03 0.05 0.13
18111018−3639350 −0.05 +0.07 +0.06 −0.02 0.05 0.12
18135243−3630481 −0.02 +0.04 +0.05 −0.02 0.05 0.09
18121150−3627559 −0.04 +0.06 +0.06 −0.02 0.05 0.11
18111963−3647245 −0.05 +0.08 +0.06 −0.03 0.03 0.12
18140023−3635461 −0.06 +0.09 +0.07 −0.05 0.02 0.14
18135881−3639345 −0.05 +0.09 +0.06 −0.02 0.05 0.13
18121436−3654551 −0.07 +0.10 +0.07 −0.05 0.05 0.16
18124228−3655079 −0.07 +0.08 +0.07 −0.04 0.05 0.14
18122530−3637366 −0.06 +0.11 +0.06 −0.04 0.13 0.19
18131370−3651584 −0.06 +0.08 +0.05 −0.04 0.05 0.13
18134668−3623541 · · · · · · · · · · · · · · · · · ·
18105081−3642137 −0.03 +0.05 +0.05 −0.03 0.05 0.10
18124219−3631172 −0.07 +0.09 +0.06 −0.04 0.00 0.13
18133688−3647054 · · · · · · · · · · · · · · · · · ·
18123142−3639294 −0.08 +0.11 +0.04 −0.03 0.05 0.15
18133038−3632229 −0.03 +0.06 +0.04 −0.03 0.05 0.10
18133292−3624179 · · · · · · · · · · · · · · · · · ·
18111681−3636318 −0.09 +0.06 +0.04 −0.03 0.05 0.13
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18105004−3640063 −0.04 +0.05 +0.05 −0.03 0.05 0.10
18112334−3634194 −0.05 +0.06 +0.06 −0.03 0.08 0.13
18131027−3632343 −0.07 +0.08 +0.05 −0.04 0.04 0.13
18110293−3628041 −0.09 +0.08 +0.05 −0.05 0.11 0.18
18132040−3623075 −0.07 +0.05 +0.06 −0.03 0.07 0.13
18135588−3629188 −0.05 +0.06 +0.06 −0.03 0.03 0.11
18105075−3635061 −0.09 +0.10 +0.06 −0.04 0.11 0.19
18104188−3634541 −0.03 +0.07 +0.05 −0.03 0.05 0.11
18132998−3628578 −0.09 +0.10 +0.06 −0.03 0.00 0.15
18130544−3616563 −0.08 +0.10 +0.06 −0.05 0.05 0.16
18115908−3654510 −0.08 +0.12 +0.07 −0.05 0.05 0.18
18121077−3639094 −0.08 +0.07 +0.07 −0.04 0.05 0.14
18120614−3629571 −0.06 +0.05 +0.07 −0.04 0.05 0.12
18120213−3641599 −0.04 +0.07 +0.07 −0.05 0.05 0.13
18123350−3654398 −0.10 +0.10 +0.08 −0.06 0.09 0.20
18120973−3654184 −0.11 +0.10 +0.09 −0.06 0.05 0.19
18105641−3632359 −0.08 +0.04 +0.08 −0.05 0.05 0.14
18125106−3654091 −0.04 +0.07 +0.07 −0.04 0.10 0.15
18111581−3648469 −0.10 +0.10 +0.09 −0.04 0.11 0.20
18131387−3630130 −0.07 +0.10 +0.08 −0.04 0.05 0.16
18123592−3634476 −0.09 +0.11 +0.09 −0.03 0.05 0.18
18135736−3638266 −0.08 +0.08 +0.08 −0.04 0.05 0.15
18133233−3626133 −0.09 +0.11 +0.09 −0.03 0.07 0.18
18125003−3630269 −0.07 +0.05 +0.08 −0.05 0.05 0.14
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18130723−3618385 −0.05 +0.06 +0.07 −0.05 0.11 0.16
18125800−3616427 −0.03 +0.07 +0.06 −0.03 0.05 0.11
18111323−3637030 −0.05 +0.07 +0.06 −0.04 0.15 0.19
18130427−3630012 −0.04 +0.08 +0.06 −0.05 0.05 0.13
18124614−3617326 −0.09 +0.08 +0.07 −0.05 0.02 0.15
18120399−3615387 −0.08 +0.09 +0.07 −0.03 0.09 0.17
18123475−3624478 −0.06 +0.08 +0.07 −0.04 0.05 0.14
18115661−3617533 −0.05 +0.08 +0.05 −0.05 0.09 0.15
18113299−3623341 −0.09 +0.07 +0.06 −0.05 0.03 0.14
18111553−3628156 −0.09 +0.09 +0.05 −0.04 0.03 0.15
18125907−3644275 −0.04 +0.08 +0.05 −0.04 0.05 0.12
18111726−3620302 · · · · · · · · · · · · · · · · · ·
18111579−3625114 −0.10 +0.11 +0.03 −0.04 0.00 0.16
18131305−3650449 −0.06 +0.09 +0.04 −0.05 0.06 0.14
18123152−3636498 −0.11 +0.09 +0.03 −0.05 0.08 0.17
18125914−3619208 −0.06 +0.09 +0.04 −0.05 0.01 0.13
18115073−3650493 −0.08 +0.07 +0.03 −0.05 0.04 0.13
18114648−3625169 −0.04 +0.07 +0.04 −0.06 0.09 0.14
18113751−3629139 −0.11 +0.09 +0.02 −0.05 0.02 0.15
18122243−3637539 −0.08 +0.08 +0.04 −0.04 0.07 0.14
18133366−3644575 −0.04 +0.08 +0.05 −0.05 0.03 0.12
18134702−3641477 −0.05 +0.08 +0.05 −0.06 0.03 0.13
18125228−3618294 −0.05 +0.09 +0.05 −0.05 0.05 0.13
18110942−3647198 −0.04 +0.09 +0.05 −0.04 0.05 0.13
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18104824−3638507 −0.10 +0.10 +0.03 −0.04 0.05 0.16
18122301−3629462 −0.10 +0.10 +0.03 −0.04 0.02 0.15
18133332−3645578 −0.11 +0.10 +0.03 −0.05 0.13 0.21
18123434−3652241 −0.08 +0.07 +0.04 −0.05 0.01 0.12
18112311−3625456 −0.06 +0.10 +0.05 −0.04 0.05 0.14
18125463−3649277 −0.08 +0.07 +0.05 −0.04 0.05 0.13
18123925−3620465 −0.10 +0.08 +0.04 −0.04 0.02 0.14
18110629−3632146 −0.09 +0.05 +0.04 −0.04 0.02 0.12
18133687−3639590 −0.05 +0.10 +0.05 −0.05 0.04 0.14
18111505−3620576 −0.05 +0.10 +0.05 −0.05 0.03 0.14
18120832−3628243 −0.09 +0.06 +0.05 −0.06 0.00 0.13
18130815−3631460 −0.11 +0.12 +0.04 −0.05 0.13 0.22
18120407−3636481 −0.09 +0.08 +0.04 −0.04 0.02 0.13
18135786−3640300 −0.08 +0.11 +0.05 −0.05 0.05 0.16
18131228−3619138 −0.08 +0.08 +0.06 −0.05 0.12 0.18
18113372−3650200 · · · · · · · · · · · · · · · · · ·
18115904−3650428 −0.10 +0.07 +0.07 −0.05 0.06 0.16
18115448−3641161 −0.07 +0.09 +0.07 −0.05 0.14 0.20
18123678−3649019 −0.05 +0.09 +0.08 −0.04 0.10 0.17
18113965−3645408 −0.08 +0.09 +0.07 −0.03 0.20 0.25
18135362−3636538 −0.06 +0.12 +0.07 −0.04 0.17 0.23
18123168−3631555 −0.04 +0.09 +0.07 −0.04 0.05 0.14
18115398−3623290 −0.09 +0.07 +0.07 −0.03 0.05 0.15
18123393−3615508 −0.05 +0.09 +0.07 −0.05 0.04 0.14
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18120689−3643231 −0.05 +0.11 +0.07 −0.05 0.10 0.18
18130482−3649019 −0.10 +0.06 +0.06 −0.03 0.20 0.24
18110352−3646275 −0.10 +0.10 +0.06 −0.05 0.08 0.18
18105013−3629557 −0.08 +0.10 +0.06 −0.05 0.10 0.18
18121897−3630243 −0.05 +0.09 +0.06 −0.07 0.00 0.14
18122029−3652333 −0.07 +0.11 +0.06 −0.05 0.13 0.20
(l,b)=(+8.5,+9)
17311256−1702018 −0.04 +0.07 +0.05 −0.02 0.00 0.10
17290874−1632431 −0.07 +0.09 +0.05 −0.02 0.05 0.14
17302885−1639588 −0.06 +0.06 +0.06 −0.02 0.05 0.12
17304789−1623192 −0.05 +0.05 +0.07 −0.02 0.02 0.10
17321080−1641479 −0.08 +0.09 +0.08 −0.02 0.05 0.15
17303589−1638299 −0.07 +0.06 +0.08 −0.03 0.05 0.14
17290513−1630383 −0.09 +0.08 +0.08 −0.03 0.01 0.15
17314699−1654460 −0.06 +0.08 +0.07 −0.02 0.01 0.12
17305076−1615216 −0.08 +0.07 +0.05 −0.04 0.05 0.13
17323324−1627474 −0.11 +0.11 +0.03 −0.04 0.10 0.19
17312795−1631423 −0.07 +0.10 +0.05 −0.03 0.03 0.14
17290285−1638344 −0.07 +0.12 +0.05 −0.03 0.02 0.15
17303378−1703086 −0.10 +0.11 +0.05 −0.04 0.02 0.16
17304223−1609274 −0.10 +0.09 +0.07 −0.04 0.05 0.16
17304908−1633101 −0.10 +0.09 +0.06 −0.03 0.02 0.15
17291459−1650085 −0.10 +0.08 +0.07 −0.03 0.05 0.16
17300674−1638541 −0.11 +0.08 +0.07 −0.04 0.06 0.17
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
17315010−1653413 −0.08 +0.08 +0.08 −0.04 0.24 0.28
17295493−1613273 −0.11 +0.06 +0.08 −0.06 0.05 0.17
17311523−1618542 −0.08 +0.08 +0.09 −0.05 0.09 0.18
17314811−1621558 −0.09 +0.11 +0.08 −0.04 0.09 0.19
17304861−1646459 −0.11 +0.07 +0.09 −0.03 0.05 0.17
17323959−1625298 −0.09 +0.10 +0.09 −0.05 0.03 0.17
17285711−1633566 −0.09 +0.12 +0.09 −0.04 0.05 0.19
17314673−1641228 −0.10 +0.07 +0.08 −0.03 0.00 0.15
17294476−1626118 −0.11 +0.08 +0.07 −0.03 0.04 0.16
17320650−1643389 −0.11 +0.07 +0.04 −0.03 0.02 0.14
17314427−1640265 −0.09 +0.07 +0.06 −0.04 0.01 0.14
17300064−1701075 −0.11 +0.07 +0.04 −0.03 0.05 0.15
17302935−1652277 −0.09 +0.09 +0.04 −0.04 0.18 0.23
17320652−1619563 −0.11 +0.14 +0.01 −0.05 0.05 0.19
17304464−1631471 −0.10 +0.10 +0.03 −0.04 0.02 0.15
17321715−1632467 −0.10 +0.11 +0.02 −0.05 0.13 0.20
17321969−1653156 −0.10 +0.13 +0.02 −0.03 0.02 0.17
17315690−1630315 −0.11 +0.12 +0.02 −0.05 0.05 0.18
17312870−1619572 −0.11 +0.12 +0.02 −0.04 0.20 0.26
17294541−1649018 −0.11 +0.12 +0.02 −0.03 0.13 0.21
17305067−1644006 −0.11 +0.13 +0.02 −0.03 0.11 0.21
17312457−1652524 −0.10 +0.08 +0.04 −0.05 0.04 0.15
17292760−1636235 −0.09 +0.11 +0.04 −0.02 0.16 0.22
17295978−1633590 −0.11 +0.15 +0.02 −0.04 0.08 0.21
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
17322323−1649335 −0.10 +0.08 +0.03 −0.04 0.00 0.14
17321117−1654590 −0.10 +0.08 +0.03 −0.04 0.04 0.14
17313606−1607539 −0.09 +0.08 +0.04 −0.05 0.02 0.14
17295331−1653069 −0.10 +0.08 +0.04 −0.04 0.05 0.15
17302818−1636032 −0.09 +0.10 +0.05 −0.04 0.04 0.15
17293118−1638081 −0.09 +0.06 +0.05 −0.04 0.28 0.31
17291994−1618302 −0.11 +0.14 +0.04 −0.03 0.09 0.21
17320457−1646391 −0.10 +0.10 +0.05 −0.04 0.06 0.17
17310747−1620049 −0.09 +0.08 +0.06 −0.04 0.11 0.18
17323392−1636330 · · · · · · · · · · · · · · · · · ·
17312572−1609092 −0.09 +0.07 +0.06 −0.05 0.02 0.14
17300015−1609464 −0.09 +0.08 +0.07 −0.04 0.05 0.15
17305894−1637056 −0.10 +0.16 +0.06 −0.03 0.05 0.21
17291621−1647189 −0.10 +0.16 +0.06 −0.04 0.05 0.21
17302194−1643531 −0.09 +0.14 +0.06 −0.02 0.15 0.23
17311959−1643577 −0.09 +0.09 +0.06 −0.03 0.00 0.14
17311229−1659047 −0.10 +0.13 +0.02 −0.03 0.05 0.18
17313313−1659216 −0.09 +0.10 +0.04 −0.04 0.12 0.19
17301749−1629529 −0.10 +0.06 +0.05 −0.04 0.13 0.19
17294261−1622440 −0.10 +0.09 +0.04 −0.03 0.05 0.15
17323625−1637551 −0.09 +0.09 +0.06 −0.04 0.04 0.15
17314292−1620036 −0.10 +0.11 +0.06 −0.03 0.01 0.16
17310955−1635152 −0.11 +0.13 +0.07 −0.05 0.05 0.20
17304312−1630318 −0.09 +0.08 +0.06 −0.04 0.05 0.15
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
17285469−1627232 −0.09 +0.13 +0.06 −0.04 0.10 0.20
17310360−1700146 −0.10 +0.07 +0.06 −0.05 0.05 0.15
17295898−1652101 −0.09 +0.10 +0.06 −0.04 0.05 0.16
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Table 5d
Abundance Uncertainty: Calcium
Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
(l,b)=(–5.5,–7)
18011989−3723462 +0.09 −0.02 −0.03 −0.07 0.06 0.13
18003452−3729217 +0.09 −0.01 −0.02 −0.05 0.10 0.15
18011692−3722508 +0.11 −0.01 −0.02 −0.09 0.06 0.16
18005584−3739103 · · · · · · · · · · · · · · · · · ·
18015010−3735279 +0.10 −0.01 −0.02 −0.11 0.04 0.16
18005916−3727585 +0.11 −0.02 −0.02 −0.12 0.03 0.17
18005027−3707505 +0.09 −0.01 −0.02 −0.07 0.03 0.12
18005234−3715478 +0.10 −0.01 −0.02 −0.14 0.06 0.18
18020106−3737561 +0.11 −0.01 −0.02 −0.14 0.05 0.19
17595541−3713447 · · · · · · · · · · · · · · · · · ·
17595664−3725304 +0.09 −0.02 −0.02 −0.12 0.00 0.15
18021345−3730371 +0.12 −0.01 −0.02 −0.15 0.04 0.20
17594241−3718247 · · · · · · · · · · · · · · · · · ·
18013342−3726339 +0.10 −0.02 −0.02 −0.12 0.04 0.16
18003204−3726008 +0.11 −0.02 +0.00 −0.17 0.07 0.22
18013580−3740055 +0.12 −0.01 −0.01 −0.15 0.06 0.20
18013799−3725131 +0.12 −0.02 +0.00 −0.16 0.04 0.20
18022149−3713494 +0.11 −0.01 −0.01 −0.14 0.02 0.18
18011408−3711299 +0.09 −0.01 −0.02 −0.13 0.07 0.17
18021275−3737543 +0.10 −0.02 −0.01 −0.15 0.01 0.18
17595027−3727293 +0.11 −0.02 −0.01 −0.15 0.06 0.20
18002115−3715519 +0.11 −0.02 +0.02 −0.17 0.07 0.22
17595366−3728186 +0.09 −0.01 −0.02 −0.14 0.02 0.17
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18001354−3709122 +0.11 −0.01 +0.02 −0.17 0.02 0.20
18013960−3723398 +0.10 −0.02 +0.02 −0.17 0.03 0.20
18021862−3734204 +0.11 −0.01 +0.01 −0.16 0.05 0.20
18000535−3735315 +0.11 −0.01 +0.01 −0.17 0.01 0.20
18013848−3721442 +0.11 −0.01 +0.01 −0.16 0.05 0.20
17594792−3721422 +0.11 −0.03 +0.00 −0.16 0.02 0.20
18011941−3721250 +0.11 +0.00 +0.02 −0.16 0.02 0.20
18004824−3718074 +0.10 −0.02 +0.03 −0.18 0.03 0.21
18014343−3708232 +0.11 −0.01 +0.02 −0.17 0.11 0.23
18005852−3711524 +0.09 −0.03 −0.01 −0.16 0.08 0.20
18020816−3714015 +0.10 −0.01 −0.01 −0.15 0.05 0.19
18010932−3702079 +0.10 −0.01 +0.03 −0.17 0.03 0.20
18010065−3740456 +0.10 −0.01 +0.03 −0.18 0.05 0.21
17595640−3710383 +0.11 −0.03 +0.00 −0.17 0.00 0.20
18012462−3738382 +0.10 −0.01 −0.01 −0.15 0.06 0.19
18002880−3710171 +0.09 −0.01 −0.02 −0.15 0.05 0.18
18024484−3714159 +0.09 −0.01 −0.01 −0.15 0.07 0.19
18013206−3708133 · · · · · · · · · · · · · · · · · ·
18004074−3740058 +0.11 −0.02 −0.01 −0.16 0.05 0.20
18000013−3715053 +0.11 −0.02 +0.00 −0.16 0.08 0.21
18015431−3717070 +0.10 −0.01 −0.01 −0.16 0.05 0.20
18021006−3738193 +0.08 −0.02 −0.02 −0.16 0.05 0.19
17595442−3721118 +0.11 −0.01 +0.00 −0.17 0.03 0.20
18021721−3736096 +0.09 +0.00 −0.02 −0.14 0.09 0.19
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18005096−3733499 · · · · · · · · · · · · · · · · · ·
18005923−3707111 +0.09 −0.02 +0.01 −0.18 0.02 0.20
18011851−3706092 +0.10 −0.02 +0.01 −0.18 0.05 0.21
18013395−3705551 +0.09 −0.03 +0.03 −0.18 0.08 0.22
18022648−3728188 +0.09 +0.00 −0.02 −0.15 0.04 0.18
18024919−3727234 +0.09 +0.00 −0.01 −0.15 0.06 0.19
18023660−3716289 +0.09 +0.00 −0.01 −0.14 0.08 0.18
17595509−3711099 +0.10 −0.01 +0.00 −0.17 0.05 0.20
18005395−3731231 +0.08 −0.01 +0.02 −0.18 0.09 0.22
18010322−3705447 +0.08 +0.00 −0.01 −0.15 0.03 0.17
18014769−3739220 · · · · · · · · · · · · · · · · · ·
17594807−3715283 +0.09 −0.02 +0.00 −0.17 0.04 0.20
18013618−3706311 +0.10 −0.02 +0.02 −0.18 0.03 0.21
18004314−3730156 +0.09 −0.01 +0.00 −0.17 0.03 0.19
18014303−3740054 +0.10 −0.02 +0.02 −0.18 0.06 0.22
18003751−3728200 +0.08 −0.01 +0.04 −0.20 0.07 0.23
18011170−3727118 +0.09 +0.00 +0.00 −0.12 0.02 0.15
18023846−3718345 +0.10 −0.02 +0.03 −0.18 0.05 0.21
18011671−3722213 · · · · · · · · · · · · · · · · · ·
18005985−3734507 · · · · · · · · · · · · · · · · · ·
18000430−3711051 +0.10 −0.02 +0.04 −0.19 0.01 0.22
18003552−3729476 +0.10 −0.01 +0.03 −0.18 0.07 0.22
18001817−3732243 +0.09 −0.02 +0.02 −0.19 0.09 0.23
18013039−3713086 +0.09 −0.01 +0.03 −0.17 0.01 0.20
110
Table 5d—Continued
Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18012564−3741052 +0.10 −0.01 +0.03 −0.18 0.05 0.21
18025713−3718318 +0.08 −0.01 +0.04 −0.20 0.09 0.24
18011599−3741385 +0.09 −0.02 +0.03 −0.19 0.05 0.22
18012944−3719488 +0.09 +0.00 +0.00 −0.15 0.06 0.18
18020361−3719086 +0.09 +0.00 +0.01 −0.17 0.10 0.22
18024024−3728187 +0.08 −0.01 +0.04 −0.18 0.10 0.22
18000412−3717266 +0.07 −0.02 +0.05 −0.19 0.03 0.21
18011177−3703344 +0.09 −0.02 +0.05 −0.19 0.09 0.23
18001410−3725181 +0.07 −0.02 +0.06 −0.20 0.06 0.23
18020300−3719418 +0.07 −0.03 +0.05 −0.20 0.05 0.23
18004683−3703252 +0.07 −0.02 +0.05 −0.19 0.04 0.21
18015404−3722564 +0.10 −0.02 +0.03 −0.19 0.03 0.22
18013974−3704068 +0.09 −0.01 +0.03 −0.19 0.04 0.22
18020704−3708064 +0.09 +0.00 +0.00 −0.19 0.00 0.21
18023393−3730273 · · · · · · · · · · · · · · · · · ·
18001720−3708374 +0.06 −0.02 +0.06 −0.20 0.04 0.22
18003663−3708547 +0.08 −0.02 +0.04 −0.20 0.04 0.22
18002569−3729578 +0.09 −0.01 +0.02 −0.20 0.09 0.24
17594881−3716203 +0.09 −0.03 +0.06 −0.19 0.03 0.22
18011201−3740090 +0.09 +0.00 +0.02 −0.19 0.05 0.22
(l,b)=(–4,–9)
18122552−3653049 +0.10 −0.02 −0.02 −0.08 0.05 0.14
18120653−3654264 +0.08 −0.02 −0.02 −0.08 0.04 0.12
18110179−3630394 +0.10 −0.02 −0.02 −0.08 0.05 0.14
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18124892−3626403 +0.08 −0.02 −0.02 −0.08 0.03 0.12
18135164−3643463 +0.10 −0.02 −0.02 −0.07 0.06 0.14
18124339−3635339 +0.11 −0.02 −0.02 −0.10 0.11 0.19
18113921−3652069 +0.10 −0.01 −0.02 −0.08 0.05 0.14
18111325−3646007 +0.11 −0.02 −0.02 −0.12 0.00 0.17
18113833−3626322 +0.12 −0.01 −0.02 −0.12 0.06 0.18
18111018−3639350 +0.11 −0.02 −0.02 −0.12 0.06 0.18
18135243−3630481 +0.10 −0.02 −0.02 −0.09 0.06 0.15
18121150−3627559 +0.10 −0.01 −0.02 −0.10 0.04 0.15
18111963−3647245 +0.11 −0.01 −0.02 −0.14 0.02 0.18
18140023−3635461 +0.10 +0.00 −0.02 −0.11 0.05 0.16
18135881−3639345 +0.11 −0.01 −0.02 −0.13 0.05 0.18
18121436−3654551 +0.12 −0.01 −0.02 −0.14 0.04 0.19
18124228−3655079 +0.12 −0.01 −0.01 −0.13 0.04 0.18
18122530−3637366 +0.12 −0.01 −0.02 −0.14 0.00 0.19
18131370−3651584 +0.10 −0.01 −0.02 −0.15 0.04 0.19
18134668−3623541 +0.11 −0.01 −0.02 −0.12 0.03 0.17
18105081−3642137 +0.09 −0.03 −0.02 −0.15 0.00 0.18
18124219−3631172 +0.11 −0.01 −0.02 −0.14 0.03 0.18
18133688−3647054 · · · · · · · · · · · · · · · · · ·
18123142−3639294 +0.12 −0.01 −0.01 −0.16 0.01 0.20
18133038−3632229 · · · · · · · · · · · · · · ·
18133292−3624179 · · · · · · · · · · · · · · ·
18111681−3636318 +0.11 −0.02 −0.01 −0.16 0.02 0.20
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18105004−3640063 · · · · · · · · · · · · · · ·
18112334−3634194 +0.10 −0.03 −0.02 −0.15 0.05 0.19
18131027−3632343 +0.11 −0.02 −0.02 −0.15 0.00 0.19
18110293−3628041 +0.12 −0.01 −0.01 −0.15 0.06 0.20
18132040−3623075 +0.11 −0.03 −0.01 −0.15 0.05 0.20
18135588−3629188 +0.10 −0.01 −0.02 −0.12 0.06 0.17
18105075−3635061 +0.11 −0.02 +0.00 −0.17 0.03 0.21
18104188−3634541 +0.09 +0.00 −0.02 −0.11 0.06 0.16
18132998−3628578 +0.11 −0.01 +0.00 −0.15 0.03 0.19
18130544−3616563 +0.12 −0.02 +0.00 −0.16 0.03 0.20
18115908−3654510 +0.11 −0.01 +0.00 −0.17 0.04 0.21
18121077−3639094 +0.11 −0.02 −0.01 −0.14 0.03 0.18
18120614−3629571 +0.10 −0.02 −0.01 −0.15 0.03 0.18
18120213−3641599 +0.09 −0.01 −0.02 −0.14 0.01 0.17
18123350−3654398 +0.10 −0.02 +0.02 −0.17 0.07 0.21
18120973−3654184 +0.10 −0.01 +0.03 −0.16 0.04 0.20
18105641−3632359 +0.11 −0.03 +0.00 −0.16 0.04 0.20
18125106−3654091 +0.09 −0.01 −0.01 −0.15 0.05 0.18
18111581−3648469 +0.10 −0.02 +0.03 −0.18 0.03 0.21
18131387−3630130 +0.12 −0.01 +0.01 −0.16 0.01 0.20
18123592−3634476 +0.10 −0.01 +0.03 −0.16 0.05 0.20
18135736−3638266 +0.11 −0.03 +0.02 −0.17 0.01 0.21
18133233−3626133 +0.10 −0.01 +0.03 −0.17 0.05 0.21
18125003−3630269 +0.10 −0.02 −0.01 −0.14 0.05 0.18
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18130723−3618385 +0.10 −0.02 −0.01 −0.16 0.05 0.20
18125800−3616427 +0.09 −0.02 −0.01 −0.15 0.06 0.19
18111323−3637030 +0.09 −0.02 −0.01 −0.16 0.07 0.20
18130427−3630012 +0.08 −0.01 −0.02 −0.14 0.09 0.19
18124614−3617326 +0.11 −0.01 +0.00 −0.16 0.07 0.21
18120399−3615387 +0.11 −0.02 +0.02 −0.17 0.08 0.22
18123475−3624478 +0.10 −0.02 −0.01 −0.15 0.00 0.18
18115661−3617533 +0.09 −0.02 −0.02 −0.16 0.05 0.19
18113299−3623341 +0.11 −0.03 +0.01 −0.18 0.05 0.22
18111553−3628156 +0.11 −0.02 +0.02 −0.17 0.02 0.21
18125907−3644275 +0.09 +0.00 −0.02 −0.12 0.06 0.16
18111726−3620302 +0.11 −0.01 −0.01 −0.15 0.02 0.19
18111579−3625114 +0.09 −0.04 +0.04 −0.18 0.03 0.21
18131305−3650449 +0.09 −0.02 −0.02 −0.16 0.01 0.19
18123152−3636498 +0.09 −0.03 +0.03 −0.18 0.05 0.21
18125914−3619208 +0.09 −0.01 −0.02 −0.17 0.02 0.19
18115073−3650493 +0.10 −0.01 −0.02 −0.15 0.05 0.19
18114648−3625169 +0.08 −0.01 −0.02 −0.15 0.06 0.18
18113751−3629139 +0.09 −0.03 +0.03 −0.18 0.07 0.22
18122243−3637539 +0.10 −0.02 +0.00 −0.17 0.06 0.21
18133366−3644575 · · · · · · · · · · · · · · ·
18134702−3641477 +0.08 −0.01 −0.02 −0.16 0.03 0.18
18125228−3618294 +0.09 −0.01 −0.02 −0.17 0.07 0.21
18110942−3647198 +0.08 +0.00 −0.01 −0.13 0.09 0.18
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18104824−3638507 +0.09 −0.02 +0.03 −0.19 0.05 0.22
18122301−3629462 +0.08 −0.01 +0.03 −0.18 0.03 0.20
18133332−3645578 +0.08 −0.02 +0.03 −0.18 0.02 0.20
18123434−3652241 +0.10 −0.02 +0.00 −0.17 0.05 0.20
18112311−3625456 +0.09 −0.01 −0.01 −0.16 0.03 0.19
18125463−3649277 +0.10 −0.02 +0.00 −0.17 0.06 0.21
18123925−3620465 +0.09 −0.03 +0.02 −0.18 0.08 0.22
18110629−3632146 +0.10 −0.02 +0.01 −0.17 0.04 0.20
18133687−3639590 +0.09 −0.01 −0.01 −0.17 0.07 0.21
18111505−3620576 +0.09 −0.02 +0.00 −0.18 0.03 0.20
18120832−3628243 +0.10 −0.03 +0.02 −0.18 0.01 0.21
18130815−3631460 +0.08 −0.02 +0.04 −0.19 0.03 0.21
18120407−3636481 +0.09 −0.02 +0.03 −0.19 0.04 0.22
18135786−3640300 +0.10 −0.01 +0.02 −0.20 0.01 0.22
18131228−3619138 +0.10 −0.02 +0.01 −0.18 0.07 0.22
18113372−3650200 +0.10 −0.01 +0.03 −0.18 0.03 0.21
18115904−3650428 +0.08 −0.02 +0.04 −0.19 0.01 0.21
18115448−3641161 +0.09 −0.01 +0.01 −0.17 0.05 0.20
18123678−3649019 +0.10 −0.02 +0.02 −0.18 0.03 0.21
18113965−3645408 +0.10 −0.02 +0.03 −0.18 0.06 0.22
18135362−3636538 +0.10 −0.02 +0.02 −0.18 0.02 0.21
18123168−3631555 +0.09 −0.01 +0.00 −0.17 0.02 0.19
18115398−3623290 +0.07 −0.02 +0.06 −0.19 0.03 0.21
18123393−3615508 +0.09 −0.01 +0.00 −0.17 0.02 0.19
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
18120689−3643231 +0.09 +0.00 +0.00 −0.17 0.07 0.20
18130482−3649019 · · · · · · · · · · · · · · ·
18110352−3646275 +0.07 −0.01 +0.04 −0.20 0.08 0.23
18105013−3629557 +0.09 −0.03 +0.04 −0.19 0.01 0.22
18121897−3630243 +0.09 −0.02 +0.01 −0.19 0.05 0.22
18122029−3652333 +0.09 −0.01 +0.02 −0.19 0.04 0.22
(l,b)=(+8.5,+9)
17311256−1702018 +0.12 −0.01 −0.02 −0.11 0.03 0.17
17290874−1632431 +0.12 −0.01 −0.02 −0.11 0.01 0.16
17302885−1639588 +0.12 −0.02 −0.02 −0.12 0.02 0.17
17304789−1623192 +0.12 −0.02 −0.02 −0.13 0.05 0.19
17321080−1641479 +0.13 −0.01 +0.00 −0.14 0.02 0.19
17303589−1638299 +0.12 −0.02 −0.01 −0.15 0.05 0.20
17290513−1630383 +0.13 −0.01 +0.00 −0.14 0.10 0.22
17314699−1654460 +0.12 −0.01 −0.01 −0.14 0.00 0.18
17305076−1615216 +0.12 −0.02 −0.02 −0.15 0.06 0.20
17323324−1627474 · · · · · · · · · · · · · · · · · ·
17312795−1631423 +0.12 +0.00 −0.02 −0.13 0.02 0.18
17290285−1638344 +0.12 +0.00 −0.02 −0.13 0.04 0.18
17303378−1703086 +0.11 −0.01 +0.01 −0.18 0.04 0.22
17304223−1609274 +0.11 −0.01 +0.01 −0.16 0.01 0.19
17304908−1633101 +0.11 −0.01 +0.01 −0.15 0.07 0.20
17291459−1650085 +0.11 −0.01 +0.02 −0.15 0.03 0.19
17300674−1638541 +0.10 −0.02 +0.03 −0.18 0.05 0.21
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
17315010−1653413 +0.12 −0.02 +0.01 −0.16 0.08 0.22
17295493−1613273 +0.10 −0.02 +0.03 −0.18 0.07 0.22
17311523−1618542 · · · · · · · · · · · · · · · · · ·
17314811−1621558 +0.10 +0.00 +0.02 −0.15 0.01 0.18
17304861−1646459 +0.10 −0.02 +0.04 −0.18 0.10 0.23
17323959−1625298 +0.11 −0.01 +0.02 −0.17 0.02 0.20
17285711−1633566 +0.10 −0.01 +0.03 −0.17 0.02 0.20
17314673−1641228 +0.10 −0.02 +0.04 −0.18 0.05 0.22
17294476−1626118 +0.10 −0.01 +0.04 −0.17 0.05 0.21
17320650−1643389 +0.10 −0.01 +0.03 −0.19 0.06 0.23
17314427−1640265 +0.11 −0.02 +0.01 −0.16 0.04 0.20
17300064−1701075 +0.09 −0.02 +0.03 −0.19 0.03 0.22
17302935−1652277 +0.10 −0.01 +0.00 −0.15 0.00 0.18
17320652−1619563 +0.09 −0.03 +0.03 −0.19 0.05 0.22
17304464−1631471 +0.09 −0.01 +0.02 −0.17 0.00 0.19
17321715−1632467 +0.09 +0.00 +0.01 −0.17 0.01 0.19
17321969−1653156 +0.09 −0.01 +0.03 −0.19 0.02 0.21
17315690−1630315 +0.08 −0.01 +0.03 −0.19 0.03 0.21
17312870−1619572 +0.09 −0.01 +0.04 −0.19 0.03 0.22
17294541−1649018 +0.09 −0.01 +0.03 −0.19 0.04 0.22
17305067−1644006 +0.09 +0.00 +0.03 −0.18 0.11 0.23
17312457−1652524 +0.09 −0.02 +0.02 −0.18 0.06 0.21
17292760−1636235 +0.09 −0.01 +0.04 −0.18 0.05 0.21
17295978−1633590 +0.08 +0.00 +0.03 −0.19 0.06 0.22
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Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
17322323−1649335 +0.09 −0.01 +0.02 −0.17 0.01 0.19
17321117−1654590 +0.09 −0.02 +0.03 −0.18 0.02 0.21
17313606−1607539 +0.10 −0.01 +0.01 −0.17 0.04 0.20
17295331−1653069 +0.09 −0.02 +0.03 −0.19 0.02 0.21
17302818−1636032 +0.08 −0.02 +0.03 −0.19 0.05 0.22
17293118−1638081 +0.09 −0.02 +0.02 −0.17 0.04 0.20
17291994−1618302 +0.08 +0.02 +0.04 −0.17 0.09 0.21
17320457−1646391 +0.08 −0.01 +0.04 −0.19 0.07 0.22
17310747−1620049 +0.09 −0.02 +0.04 −0.19 0.02 0.22
17323392−1636330 +0.08 −0.01 +0.06 −0.19 0.07 0.23
17312572−1609092 +0.10 −0.02 +0.03 −0.19 0.03 0.22
17300015−1609464 +0.09 −0.02 +0.04 −0.19 0.05 0.22
17305894−1637056 +0.07 +0.00 +0.06 −0.20 0.05 0.23
17291621−1647189 +0.07 +0.01 +0.06 −0.20 0.05 0.23
17302194−1643531 +0.07 +0.00 +0.06 −0.20 0.07 0.23
17311959−1643577 +0.07 −0.01 +0.05 −0.19 0.09 0.23
17311229−1659047 +0.07 +0.00 +0.05 −0.20 0.08 0.23
17313313−1659216 +0.08 −0.02 +0.04 −0.19 0.01 0.21
17301749−1629529 +0.06 −0.02 +0.04 −0.20 0.07 0.22
17294261−1622440 +0.06 −0.01 +0.04 −0.20 0.05 0.22
17323625−1637551 +0.08 −0.02 +0.04 −0.20 0.07 0.23
17314292−1620036 +0.06 +0.00 +0.06 −0.20 0.02 0.22
17310955−1635152 +0.06 +0.00 +0.06 −0.21 0.08 0.24
17304312−1630318 +0.08 −0.02 +0.06 −0.20 0.02 0.23
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Table 5d—Continued
Star ID ∆Teff ∆log(g) ∆[M/H] ∆Vt σ/
√
(N) ∆Total
2MASS +100 K +0.3 cgs +0.3 dex +0.3 km s−1
17285469−1627232 +0.09 −0.02 +0.05 −0.19 0.05 0.22
17310360−1700146 +0.06 −0.02 +0.07 −0.19 0.00 0.21
17295898−1652101 +0.07 −0.02 +0.06 −0.20 0.05 0.23
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Table 6
α–Element Abundance Summary
Field [O/Fe] σ [Si/Fe] σ [Ca/Fe] σ
Median Median Median
[Fe/H]<–0.5
(−5.5,−7) +0.61 0.14 +0.31 0.07 +0.30 0.11
(−4,−9) +0.57 0.14 +0.38 0.16 +0.33 0.11
(+8.5,+9) +0.59 0.11 +0.38 0.09 +0.27 0.10
[Fe/H]>–0.5
(−5.5,−7) +0.14 0.18 −0.03 0.13 +0.09 0.12
(−4,−9) +0.22 0.19 +0.13 0.12 +0.21 0.13
(+8.5,+9) +0.27 0.22 +0.02 0.11 +0.05 0.14
Note.—The σ values listed in the table represent the scatter
around a best fit line to either the [Fe/H]<–0.5 or [Fe/H]>–0.5
stars in each field.
120
